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OPERATIVE correction of the stenotic mitral 
valve has become an established surgical proce- 
dure during the past seven years, and is being per- 
formed with increasing frequency. Much has been 
learned about the indications for surgery, the surgical 
the symptomatic improvement to be expected in 
properly selected patients. Much remains to be 
learned, and certain misunderstandings persist. It 
should be remembered that the scarred, deformed 
and often calcified mitral valve cannot be trans- 
formed into a normal structure even though its func- 
tion may be improved. Furthermore, there are 
factors besides the anatomic deformity that con- 
tribute to the eventual postoperative result. Conse- 
quently, certain physical findings or other objective 
criteria of heart disease are likely to persist despite 
marked symptomatic benefit, although signs closely 
related to the disordered physiologic state may show 
amelioration. This clinical study was undertaken to 
clarify these points. 
Materia AND MertuHops 


One hundred and thirty-two consecutive patients 
surviving operation were chosen. All had a preop- 
erative diagnosis of predominant mitral stenosis with- 
out important associated disease of the valve. Five 
had died before follow-up study, and 21 were not 
available, so that 106 returned for this follow-up 


study and constitute the material for this report. The 
selection of these patients, out of a total experience 
of about 900 patients with mitral stenosis operated 
on by one of us (D.E.H.) was based on the fact that 
the operations were all performed at the Boston City 
Hospital or Mount Auburn Hospital and that the 
patients all lived within a 200-mile radius of Boston. 
The operative results in those who did not report for 
follow-up examination, according to questionnaire 
analysis, did not differ from the remainder. 

There were 30 males and 76 females, a sex distri- 
bution that confirms the known predilection of pure 
mitra! stenosis for women. The preoperative classi- 
fication of patients has been discussed previously,’ 
and the distribution in this series is presented in 
Table 1. 

The interval since operation varied from twelve to 
fifty-six months, and the mean follow-up period was 
twenty-four months. At the time of follow-up study, 
a careful interval history was obtained from each 
patient, the degree of disability was estimated as 
objectively as possible, the functional capacity was 
rated according to the criteria of the New York 


a detailed questionnaire before the follow-up examin- 
ation, and the degree of disability determined by 
analysis of the written answers was compared with 


that determined by interview. These two 
methods of evaluation agreed closely, as reported 
elsewhere. The percentage of patients who im- 
proved in this group did not differ from that of the 
larger group of 440,’ of which the present series 
forms a part. It was concluded that this series was 
sample of the entire group in terms 

of preoperative disability and symptomatic benefit. 

At follow-up study, the results of ‘Physical ¢ examina- 
tion, cardiac fluoroscopy and 
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were recorded and compared with the 

data. All murmurs were graded in intensity from 1 
to 6 according to the criteria of Levine and Harvey.* 
Although cardiac fluoroscopy was performed in every 
case before and after operation, the analyses of ra- 
diologic changes were limited to 54 patients in whom 
the fiuoroscopy was performed on both occasions by 
the same radiologist (J.E.G.). The clinical data 
were not available to the radiologist. Special technics 
were used to assure reproducible positioning of the 


Taste 1. Distribution of 106 Patients by Functional Group. 


NO. OF NO. OF 
PATIENTS PATIENTS 
1 0 44 
2 3 41 
3 80 21 
4 23 0 
*Group |: patients significant 
Group 2: patients handicapped by some symptoms but able to carry 


Group 3 lit howework gr equivalent. preoperative 
group ‘ 
Group 4: ey mostly in chronic congestive heart fail- 


patients so that preoperative and follow-up films and 
heart measurements could be compared reliably.‘ 
An over-all evaluation of the radiographic changes 
was obtained by a blind technic, in which the postero- 
anterior, lateral and oblique films before and after 
operation were compared on two separate occasions, 
and the total change was rated as “none,” “im- 
proved” (+1 to +3) or “worse” (—1 to —3). 

Standard 12-lead electrocardiograms were ob- 
tained, and all measurable data were recorded. Elec- 
tric axis was estimated to the nearest 5 degrees 
from limb and unipolar leads. The diagnosis of in- 
complete right-bundle-branch block was made in 
the presence of an rSr’ in Lead V,, occasionally in 
Lead V;R or V2, in association with a delay in onset 
of the intrinsicoid deflection of more than 0.04 second. 
The criteria for the diagnosis of ventricular hyper- 
trophy were those of Sokolow and Lyon.** 


Symptomatic IMPROVEMENT AND 
CHANGE IN TREATMENT 


Fifty-six per cent of the group under consideration 
were estimated to be markedly improved, 21 per cent 
were moderately improved, 20 per cent were only 
slightly better, and 3 per cent were unchanged. Thus, 
77 per cent of the patients living at least a year after 
operation had definitely worthwhile improvement. 

For the purpose of rating improvement, the most 
valuable criterion was the change in general level of 
activity of the patient. This required close question- 
ing and analysis of occupation, recreation and all 
every-day living habits by which tolerance for exer- 
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gestive heart failure. 


rather than necessity. Half the patients with normal 
sinus rhythm who took digitalis for some months or 
years before operation have discontinued the drug 
entirely. It has been customary to keep all persons 
with atrial fibrillation on a maintenance dose of 


— 

Improvement may continue for many months. 
Although most of the increase in functional capacity 
occurred during the first six months, the majority 
of patients continued to improve at a slower rate 


Tape 2. Change in Treatment after Valvuloplasty. 


THERAPY No. or Decazase No Cwance Increase 
Patients IN IN IN 
THeErapy THerary Tuerary 
NO. OF NO. OF NO. OF 
PATIENTS PATIENTS PATIENTS 
Diuretics 63 44 18 1 
Sodium restric- 
tion 92 % 0 
all 
= 92 50 
(patients 
rhythm) 30 44 0 


during the second six-month period, and a few did 
not achieve maximal subjective benefit until two 
years or more after the operation. This improvement 
has been maintained during the follow-up period in 
the great majority of patients, but a few have re- 
gressed. When regression did occur it usually took 
place within two years of the operation. The loss 
of symptomatic improvement after months or years 
is a complex subject, and one that will receive 
analysis in a subsequent report. It is pointed out 
below that the regression could be expected in some 
patients, that it was to some extent predictable, and 
that it usually seemed to be related to factors besides 
active rheumatic carditis. 
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tion could be semiquantitatively measured. The 
functional capacity was closely related to exertional 
dyspnea and, to a lesser extent, to fatigue. A number 
of other symptoms or events were evaluated in the 
over-all estimate of clinical benefit, including or- 
thopnea, paroxysmal dyspnea, true pulmonary 
edema, cough, hemoptysis, palpitation (tachycardia 
or arrhythmias), chest pains, embolic phenomena 
and edema or other manifestations of frank con- 

‘tthe clinical state. The reduction in therapy 
was most apparent in the group with more advanced 
disease (Table 2). Thus, of those who required 
diuretics of various types before operation, 70 per 
cent now receive less or none. Almost 40 per cent 
of the patients who restricted their sodium intake 
now eat more salt, and most of these take essentially 
normal diets. Of course, many improved patients 
continued to limit salt intake as a matter of custom 
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Bopy Weicnt 


The mean edema-free preoperative body 
of the female patients was 54 kg. (119 bar Aaya 
the average weight at the time of follow-up examina- 
tion was 57.2 kg. (126 pounds). The corresponding 
figures for the male patients were 63 kg. (139 
pounds) and 65.8 kg. (145 pounds) respectively. 
These relatively small increases obscure the fact that 
a third of the patients gained from 4.5 kg. to 14.5 
kg. (10 to 32 pounds), or 7.7 kg. (17% pounds) on 
the average. This weight gain accompanied general 
symptomatic improvement during the year after 
operation; it was most likely to occur in women and 
in patients who had been underweight and in those 
whose symptoms were greatly improved. 
Bioop Pressure 


The average blood pressure was 117 systolic, 72 
diastolic, preoperatively and 129 systolic, 76 diastolic, 
at the time of follow-up study. Although statistical 
analysis of the mean systolic difference was not jus- 
tified, the increases in systolic and pulse pressures of 
some patients were quite striking: systolic pressure 
rose 20 mm. or more in 26 per cent, and pulse pres- 
sure increased by 20 mm. or more in 20 per cent. 

Fifteen per cent of the patients in this series had 
preoperative systolic blood pressure between 90 and 
100; none of them had significant mitral regurgitation 
at the time of operation, and the systolic 
in this group rose an average of 14 mm. No corre- 
lations were found between pulse pressure and pal- 
pable valve size or regurgitation. 

In 2 women in this series arterial hypertension has 
developed since operation. In 1 of these, the progres- 
sive increase in systolic blood pressure for several 
months after operation suggested that the hyperten- 
sion had been masked by tight mitral stenosis. 

AUsCULTATORY FINDINGS 
Apical Diastolic Murmurs 

Only 1 patient had no diastolic murmur audible 
before operation, and in this case the murmur be- 
came audible after surgery. The murmurs were 
usually louder in ients with sinus rhythm, as 
compared to those with atrial fibrillation. This dis- 
tinction was probably largely a function of the prom- 
inent presystolic component in hearts with normal 
rhythm. 

There was a tendency for the diastolic murmurs 
to become less intense after surgical treatment. The 
changes were usually not marked, however, and the 
murmur completely disappeared in only 10 per cent 
of the cases. The mitral diastolic murmur was some- 
what more likely to diminish in patients i 


showing 
great clinical improvement (Table 3). Although the 
murmur may decrease in the immediate postopera- 
tive period,’ this has been of no value in indicating 
the eventual prognosis in the individual case. 
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The presystolic component and duration of the 
murmurs were not sufficiently well differentiated in 
this study for their changes to be analyzed separately. 
The frequent relation between mitral incompetence 
and diastolic murmurs of short duration,® however, 
was confirmed by their occurrence together in 15 
patients in this study. The postoperative changes in 
diastolic murmurs may be more marked if the presys- 
tolic component is evaluated separately." It was our 
experience that all portions of the murmur tended 
to diminish. 


Apical Systolic Murmurs 
An apical systolic murmur was heard in slightly 
more than a third of the patients before operation, 


Taste 3. C in Intensity of Mitral Diastolic Murmur 
in Relation to Postoperative Class and Symptomatic Im- 
provement. 

PosToreraTive IN Symptomatic ImprovemEntT 

Crass* 
1 er MARKED MODERATE SLIGHT OR 
% % % % 
& 55 43 Decreased 60 57 42 
% 835) «643 No change $8 29 
— Ww Increased 2 14 12 


and three fourths of the murmurs were of Grade 1 
or 2 (Table 4). These murmurs were more frequent 
in patients who had palpable mitral regurgitation 
at the time of operation, and 6 out of 8 patients with 
Grade 3 murmurs had such regurgitant jets. Of the 
2 Grade 3 apical systolic murmurs that were not 
associated with palpable mitral incompetence, 1 was 
probably transmitted from the tricuspid area, and the 
other, which was of short duration in systole, dis- 

after surgery. There were only 2 patients 
with Grade 4 apical systolic murmurs; both had pal- 
pable mitral regurgitation, and both were only 
slightly improved by correction of the stenotic com- 
ponent. 

Apical systolic murmurs of Grade 1 and 2 were 
associated with palpable mitral regurgitation in 15 
cases, and occurred in 13 patients without insuffi- 
ciency. Despite the low intensity of the murmur, 
other clinical data led to the preoperative clinical 
diagnosis of mitral insufficiency in 11 of the 15 cases 
in which it was surgically found, whereas this diag- 
nosis was suggested in only 2 of the other 13 with 
equivalent murmurs. Significant mitral regurgitation 
was usually suspected on the basis of other criteria, 
even though the apical systolic murmur was slight. 

The absence of an apical systolic murmur was good 
but not infallible evidence against serious mitral re- 
gurgitation. In a fifth of the patients who had no 
apical systolic murmur some degree of palpable re- 
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*New York Heart Association classification of functional capacity. 
+Percentage of patients in cach group. 


gurgitation was found at operation, but this was 
usually mild. This comprised a third of the patients 
with palpable mitral regurgitation; all these patients 
improved significantly except the 1 with a marked 
regurgitant jet, whose improvement was slight. 

Apical systolic murmurs as well as mitral insuffi- 
ciency were more common in patients with more 
advanced heart disease, in terms of disability, over-all 
heart size and frequency of atrial fibrillation. 

The postoperative changes in the apical systolic 
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explained. This is related to the larger number of 
postoperative systolic murmurs that could not be 
correlated with operative findings, since an existent 
apical systolic murmur decreased or disappeared after 
surgery in 15 patients, whereas the murmur increased 
or made its appearance in 32. The net effect was 
more frequent and louder murmurs in the post- 
operative group. The development of a postopera- 
tive systolic murmur in this series had no prognostic 


Taste 4. Apical Systolic Murmurs in 106 Cases of Mitral Stenosis in Relation to Palpable Mitral Regurgitation. 


No Murmurs Grape 1 Grape 2 Grape 3 Grape 4 Torat Patients 
Muamurns® Murmurs* Muruurs* Murmvurs* witn Muamurs 
NO. OF NO. OF NO. OF NO. OF NO. OF 
PATIENTS PATIENTS PATIENTS PATIENTS PATIENTS 
_ Before operation: 
Present+ 14 7 8 6 2 23 
Absent 55 6 6 2 0 14 
After operation : 
Present? 12 2 4 23 
Absent th 6 ll 7 1 25 
*Criteria of Levine & Harvey.* 
+Palpable jet before valvuloplasty 
tPalpable jet after valvuloplasty 
murmurs were unpredictable and were not well cor- Other Murmurs 


related with the surgical impression of the residual 
anatomic defect. Of the 14 patients in whom pal- 
pable mitral regurgitation was not associated with a 
preoperative apical systolic murmur, a murmur be- 
came audible after valvuloplasty in 8. Of 6 cases in 
which palpable regurgitation appeared or increased 
after valve fracture, the apical systolic murmur be- 
came louder in 3, but remained unchanged or de- 
creased in the other 3. Of 8 patients in whom the 


Taste 5. Other Murmurs in 106 Cases of Surgically 
Treated Mitral Stenosis. 


Tyre or No. or Cases Decnease INCREASE 
Murmur BEFORE oR in Murmur or Ist 
Operation 
or Murmur or Murmur 
NO. OF NO. OF NO. OF 
CASES CASES 

Peltawolie. 39 18 21 2 


regurgitant jet disappeared or diminished after frac- 
ture and mobilization of the leaflets, 4 had no 


murmur before or after the procedure, 3 had mur- 
murs that increased in intensity, and only 1 had a 
murmur that became softer. Thus, surgical estimates 
of regurgitation had little relation to changes in these 
murmurs. 

Although 61 per cent of the preoperative murmurs 
were associated with palpable regurgitation, only 48 
_ per cent of the postoperative murmurs could be thus 


A parasternal diastolic murmur, which was usually 
high pitched, blowing and of low intensity, was often 
heard in early diastole along the left sternal border. 
Because of its soft quality it is easily missed, and its 
true prevalence is difficult to judge. Such a murmur 
was described in 37 per cent of the patients before 
and in 26 per cent after operation. It decreased or 
disappeared in almost half (Table 5) and did not 
change in the remainder; it was first heard after 
surgery in only 2 patients. 

It was usually impossible to be sure whether this 
murmur represented disease of the aortic valve or 
functional pulmonary insufficiency, although the 
latter was more often thought to be the explanation 
and disease of the aortic valve was questioned seri- 
ously in only 8 of 39 cases. This functional origin 
was partially confirmed by the tendency of the 
murmur to diminish, and by the fact that the murmur 
was rarely heard in the absence of readily demon- 
strable dilatation of the pulmonary artery. There 
was no correlation between this murmur and electro- 
cardiographic findings, clinical state or prognosis. 

Fifty-nine per cent of the preo parasternal 
diastolic murmurs were associated with soft basal 
systolic murmurs. This murmur was usually maxi- 
mal in the pulmonic area, but occasionally was louder 
just to the right of the upper sternum. The basal 
systolic murmur was seldom of aid in this series in 
establishing the presence of aortic-valve involvement, 
since it often seemed to be of functional origin. The 
2 murmurs tended to occur together, and the systolic 
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murmur showed a similar tendency to diminish after 
surgery. Thus, of 34 such basal systolic murmurs 
audible before operation, 21 (62 per cent) decreased 
or disappeared, and only 2 became louder. 


First Mitral Sound 


In 93 patients the quality of the heart sounds was 
recorded, and in all but 3 the first mitral sound was 
accentuated preoperatively. Of these 3, all had some 
palpable mitral regurgitation at operation, 2 had 
atrial fibrillation, and 2 had loud systolic murmurs 
as well, The importance of the accentuated first 
mitral sound in distinguishing stenosis from incom- 
petence has been established.*® 

There were 12 patients in whom an accentuated 
first mitral sound returned to normal after operation. 
Of these 12, 9 were greatly, and 2 moderately im- 
proved by the surgical procedure. The patient with 
only slight improvement was one in whom mitral 
regurgitation, produced surgically, could have ac- 
counted for the dampened first heart sound. Half our 
patients showed some reduction in the intensity of 
the first sound. This was more likely to occur in those 
with marked clinical improvement and diminution 
in the diastolic murmur, and could not be related 
to the surgical production of mitral regurgitation. 
This reduction in intensity was not always apparent 
in the immediate postoperative period’® but more 
commonly occurred as a gradual process over a 
period of many months. 


Second Pulmonic Sound 


Accentuation and reduplication of the second pul- 
monic sound was noted in 84 out of 92 patients. 


Taste 6. igenographic Cardiac Measurements be- 
after Valvuloplasty. 


13.71.83 


Transverse diameter 53 13.9+1.7 
52 15.6+1.3 15.4+1.3 
Broad diameter 52 11.6+1.0 11.6+1.1 


“Cardiothoracic ratio in 53 observations 52.2 per cent+7.0. 
+Cardiothoracic ratio in 53 observations 52.6 per cent+7.0. 
{Standard deviation of mean. 


Three of the 8 with no increase in the sound were 
only slightly improved, and 4 cases had palpable re- 
gurgitation at operation. In none were electrocardio- 
graphic signs of enlargement of the right ventricle 
present; there were no significant shifts in electric 
axis or rotation after surgery, and the pulmonary- 
artery enlargement tended to be slight. The second 
pulmonic sound is an important though not com- 
pletely reliable guide to the degree of pulmonary 
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hypertension present.* A diminution in the intensity 
of this sound after operation occurred in a third of 
our patients, with a return to normal in 17 per cent. 
The second pulmonic sound seldom changed very 
much in the immediate postoperative period,”® but 
Taste 7. Roentgenologic Changes in 54 Patients Twelve 
to Thirty Months after Valvuloplasty. 


Heart Decrease No CHance 
or VesseL In Size IN IN 

NO. OF NO. OF NO. OF 
CASES CASES 

Main pulmonary artery 12 35 7 

Peripheral pulmonary vessels 19 23 12 

Right ventricle 12 32 10 

Left atrium 16 31 7 

Left ventricle 1 52 1 

15 17 


it did show a distinct tendency to diminish in subse- 
quent months. 


Heart Measurements 


When tel t phic cardiac measurements 
were averaged, there was no difference between the 
preoperative and follow-up groups in over-all heart 
size (Table 6). When the individual cases were ana- 
lyzed to detect those with alteration in general heart 
size by these criteria, only 9 per cent showed a de- 
crease in the cardiothoracic ratio of 10 per cent or 
more, and 6 per cent an increase of similar mag- 
nitude. These changes bore no relation to improve- 
ment by other criteria, since the 3 patients whose 
cardiothoracic ratio increased all had considerable 
clinical improvement, and of the 5 patients whose 
transverse heart size decreased by a similar amount, 
1 was clinically no better, and 4 received marked 
benefit. 


Heart Chambers and Pulmonary Vessels 
Changes in size of the individual heart chambers 
and vessels are presented in Table 7, 
which includes some chambers of normal size pre- 
operatively that could not be expected to become 
smaller. In 49 patients who had distinct preopera- 
tive enlargement of either the right ventricle or the 
main pulmonary artery, one or both of these structures 
became smaller in a third but enlarged in a fifth. 
The peripheral pulmonary vessels were enlarged be- 
fore operation in 47 cases; 40 per cent appeared small- 
er, and 21 per cent larger at the time of follow-up ex- 
amination. The left ventricle appeared to change its 
size in only 2 patients; in 1 of these, who had slight 
mitral regurgitation at operation, it became slightly 
ment disappeared. 


999 

MEASUREMENT No. or AVERAGE BEFORE AVERAGE AFTER 
OBSERVATIONS OperaTion* OperatTiont 
cm. cm. 


Relation of X-Ray Findings to Clinical Improvement 
The over-all radiologic changes are correlated 
with symptomatic improvement in Figure 1, in which 
the line connects the median of each group. Although 
the overlaps are large, it can at least be said that 
most of the patients showing x-ray improvement also 


Ficure 1. Over-All Postoperative Radiologic 


| ymptomatic Improvement. 
received great symptomatic benefit. In relatively few 
of the markedly improved patients did the over-all 
x-ray findings change for the worse. 

Patients with radiologic evidence of deterioration 
were in a prognostically more unfavorable group, in 
that they had more factors known to affect adversely 
the long-term results (Table 8). Thus, these patients 
were usually over forty years of age and had mitral- 
valve calcification; they were more likely to have 
mitral insufficiency and a wide mitral aperture at 
the time of operation, and more often had atrial 
fibrillation. There was no evidence, however, that 
active rheumatic carditis was involved in this group; 
only 7 of the 17 patients with postoperative radiologic 
deterioration had shown Aschoff bodies in the atrial 
appendages removed at operation—a rate of occur- 
rence that did not differ from that found in the 
entire surgical series.’° Five of the 17 patients in this 
unfavorable group have shown some symptomatic 
regression, after obtaining maximal improvement dur- 
ing the first postoperative year or two, compared to 
only 1 out of 22 in the group in whom the x-ray ap- 
pearance had improved. If this trend is confirmed 
in a larger series, the over-all radiologic impression 
will be of prognostic value in evaluating the likeli- 
hood of persistent functional improvement. 


X-Ray Diagnosis of Mitral Insufficiency 


Five of 51 patients in whom satisfactory fluoro- 
scopic data were available were thought to have 
mitral regurgitation by the criterion of systolic ex- 
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pansion of the left atrium. Of these 5 only 1 had 
palpable regurgitation at operation. Of 12 patients 
who were found to have a regurgitant jet at the time 
of surgery, only 1 had been thought to have mitral 
incompetence by fluoroscopy. It is clear that these 
fluoroscopic findings were of no value in the diagnosis 
of mitral insufficiency. The pitfalls in the use of this 


diagnostic criterion have been discussed previously." 


Valvular Calcification 
A radiologic diagnosis of calcification of the mitral 
valve was made in 16 out of 53 cases before surgery, 
and was confirmed at operation in all 16. There 
were an additional 4 cases in which calcified valves 
were palpated at operation, and in 2 of these the 
calcification was detected at postoperative radiologic 
examination. Thus, there was good correlation be- 
tween radiologic and palpable evidence of calcifica- 
tion: palpable mitral calcification had been predicted 
on x-ray study in 80 per cent of the cases before and 
was seen in 90 per cent after operation. There were 
no cases in which calcium was visible but not pal- 

le. 
It has been found that mitral i is more 
frequent in patients with heavy calcification of the 


TasLe 8. Ouver-All Roentgenographic Changes in 39 Pa- 
tients in Relation to Occurrence of “Adverse Factors.” 


Factor Over-Att X-Ray CHance 

PATIENTS PATIENTS 

WORSE IMPROVED 
Patient over 40 10 5 
Patient not over 40 7 17 
Atrial fibrillation present 6 4 
Atrial fibrillation absent 11 18 
Bivalvular disease present 4 2 
Bivalvular disease absent 13 20 
Mitral regurgitation present 7 4 
Mitral regurgitation absent 10 18 
Preoperative valve size of 1.0 cm. 7 2 
Preoperative valve size under 1.0 cm. 10 20 
Valvular calcium present i 4 
Valvular calcium absent 6 18 
Recurrence of symptoms 5 1 
No recurrence of symptoms 12 21 
Mean ‘‘factors’’ per patient 2.9 1.0 


valve, so that this finding may be of prognostic as 
well as diagnostic importance. Out of 258 patients 
with palpable mitral calcium operated on by one of 
us (D.E.H.), 48 per cent had some degree of mitral 
incompetence at the time of surgery, and this in- 
creased to 57 per cent after completion of the valve 
fracture.* Of 276 patients without gross mitral cal- 
cification, 17 per cent had palpable regurgitation, 
increasing to 31 per cent after valvuloplasty. 
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Rhythm 


There was no significant difference in the propor- 
tion of patients with normal sinus rhythm or atrial 
fibrillation before and after operation. Of 43 patients 
with preoperative fibrillation, 4 reverted to sinus 
rhythm, 2 with quinidine and 2 spontaneously. Of 
63 patients with preoperative sinus rhythm, 2 now 
have atrial fibrillation. 

Atrial fibrillation was seen more commonly in the 
patients with greater disability and in those with 
palpable mitral regurgitation at the time of surgery. 
A somewhat smaller percentage of patients with this 
arrhythmia were greatly improved by valvuloplasty, 
as compared to patients with sinus rhythm. However, 
only 2 out of 43 patients with fibrillation failed to 
receive at least slight benefit, and 42 per cent of 
them were much improved. 

Fewer patients in this group were markedly im- 
proved, not only because their heart disease was more 
advanced but also because mitral insufficiency was 
more frequent. In a consecutive series of 852 patients 
operated on by one of us (D.E.H.), 64 per cent of 
249 patients with palpable mitral regurgitation at 
surgery had atrial fibrillation, as compared to 46 per 
cent of 603 patients without mitral regurgitation.” 


APHIC: FiInpINGs 


Axis 

The mean tive electric axis in 102 cases 
was +80°+3°, and the mean follow-up axis was 
+67°+3°. This reduction in axis was significant 
(p<0.05). There were only 5 patients who had 
axes of less than +30° before surgery. A third of 
the preoperative patients had an axis of +100° or 
more, whereas only 12 per cent of the postoperative 
group had this of right-axis deviation. At 
the time of follow-up study 43 per cent of the patients 
had a shift in electric axis toward the left of 20° or 
more, and this finding was correlated with clinical 
improvement (Table 9). Thus, 80 per cent of those 
with such a shift in axis were markedly improved, 
compared with 40 per cent of the remainder. Only 
5 per cent showed a significant shift toward the right 
after surgery. As we had expected, right-axis devia- 
tion was correlated with other electroc 
manifestations of enlargement of the right ventricle, 
except that it had no relation to incomplete right- 
bundle-branch-block patterns. 


P Waves 

The majority of patients with sinus rhythm had 
“P mitrale,” manifested by a broad P wave of normal 
amplitude that was flat-topped or notched. There 
were only 3 cases, out of 58, of classic “P pulmonale,” 
manifested by peaked P waves of 3 mm. or more in 
amplitude. 

The mean preoperative P-wave amplitude in 58 
cases was 2.0 mm., and the mean postoperative am- 
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m Axis No. or Marxep 

Cases Symero- Symrro- Sympro- 

MATIC MATIC MATIC 

Improve- Impnove- Inprove- 

NO. OF NO. OF NO. OP 

CASES CASES CASES 
Shift to left of 20° or more “” 35 5 4 
Others* 58 23 17 18 


*Includes 53 with no significant change & 5 with shift of axis to right. 


There were 3 cases out of 61 with sinus rhythm 
before surgery in which the PR interval was pro- 
longed: 0.24, 0.26 and 0.32 second. These PR inter- 
vals had all decreased to normal at the time of follow- 
up examination; the last 2 were associated with the 
omission of digitalis, and all 3 patients were greatly 
improved by clinical criteria. The record with the 
longest PR interval, 0.32 second, was associated 
with marked electrocar hic signs of enlarge- 
ment of the right ventricle, 
postoperative reversion to normal. There was 1 case 
in which the PR interval became prolonged (to 0.26 
second) after surgery; this patient was unimproved 
by operation, and his unexplained deterioration after 
a brief initial benefit may have been due to rheumatic 


myocarditis. 
Right-Bundie-Branch Block 

Of 102 electrocardiograms, the pattern of incom- 
plete right-bundle-branch block was noted in 29 per 
cent before surgery, and in 27 per cent at follow-up 
study. Although this pattern had disappeared in 9 
cases at the time of follow-up examination, it ap- 
peared after operation in 7, so that the preoperative 
and postoperative rates of occurrence were much the 


same. 
The pattern of incomplete right-bundle-branch 


1001 
ocanDl iii plitude was 1.5 mm., a difference that is not signifi- 
a cant. However, the P wave became measurably 
smaller (by 0.5 mm.) in 50 per cent, and decreased 
by 1.0 mm. or more in 28 per cent. The higher the 
P wave, presumably the greater the component of P 
pulmonale, and the greater the tendency for reduc- 
tion in amplitude. Thus, P waves of 2.5 mm. or 
higher in 17 patients became smaller in all but 2, 
and the average reduction was 1.2 mm. In each of 
the 3 cases of pure P pulmonale, the amplitude de- 
creased by 1.5 to 2.5 mm. As would have been ex- 
pected, P waves were significantly higher in patients 
Taste 9. Change in Electric Axis in Relation to Sympto- 
matic Improvement. 

with electrocardiographic manifestations of hyper- 

trophy of the right ventricle. 

The P mitrale showed no definite alteration. The 
width did not change and the notching, when present, 
usually persisted. 

PR interval 


block was not intimately related to other electrocar- 
diographic evidence of enlargement of the right ven- 
tricle. Thus, it occurred in the absence of other elec- 
trocardiographic signs of that diagnosis in the major- 
ity of cases, and it was present in only half the pre- 
operative cases with an electrocardiographic diagnosis 


of hypertrophy. 
There was no distinct correlation between the 


pres- 
ence of incomplete right-bundle-branch block and 
Taste 10. Electrocardiographic Diagnoses Enlargemen 


of the Right Ventricle in 102 Cases, and 
after Valvuloplasty. 


ove 
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10). Most of the difference could be accounted for 
by a decrease in clockwise rotation,’* as well as a 
shift in axis toward the left, and frequent reversion 
of ST-segment and T-wave changes over the right 
ventricle. When the diagnostic criteria for hyper- 
trophy were tabulated by the method of Sokolow 
and Lyon,’ 27 patients had a total of 172 criteria 
before surgery, and 57 at the time of follow-up ex- 
amination; the mean criteria per patient had 
been reduced from 6.4 to 2.1. The criterion of a 
prolonged activation time seldom showed a signifi- 


No. op Dusaprzan- Decnease No 
Cases ANCE AFTER CHANGE 
OPERATION AFTER 

OpzraTion Operation Operation 
NO. OF NO. OF NO. OF 
CASES CASES CASES 
Definite hypertrophy of rt. 12 
ventricle aon 4 3 1 
Ventricular dilatation 
alone 1 1 
Totals 28 16 9 3 


fluoroscopic size of the right ventricle or pulmonary 
artery. The existence of such a pattern, in the 
absence of other evidence of ventricular enlargement, 
was not related to clinical status or to subsequent 


improvement. 

Complete right-bundle-branch block was found 
before surgery in 2 patients, in 1 of whom it was 
intermittent. The stable block has not changed, and 
the intermittent one has become permanent. The 
symptoms of both patients were markedly improved. 
In addition, intermittent right-bundle-branch block 
has made its appearance in 1 patient in whom it 
was not observed preoperatively. 


Enlargement of Right Ventricle 
The signs of ventricular hy- 
pertrophy were considered unequivocal in 23 patients 
and probable in an additional 4, and ventricular dila- 
tation (“strain”) alone was diagnosed in 1. On x-ray 
examination, each of these patients showed a large 
pulmonary artery with prominent branches. Further- 
more, the patients whose electrocardiograms indi- 
cated marked improvement in the patterns of ven- 
tricular enlargement were also the most likely to 
manifested most often by diminution in the size of 
less often by a decrease in the size of the right 
hic changes were 
—— more striking and d probably reflected better 
than the x-ray findings the improvement in pul- 
monary hypertension. 
Of the 28 patients with electrocardi hi 


a 
. 


signs 


of enlargement, most showed a change 
toward normal at the time of follow-up study (Table 


right ventricle, exclusive of patterns of i 


right-bundle-branch block, were very to have 
much clinical improvement (Table 11). 
Enlargement of Left Ventricle 

At the time of follow-up study the development 


of hypertrophy of the left ventricle was suspected 
from the electrocardiogram in 8 patients, almost 
entirely on the basis of increased voltage of the R 
wave in Lead V;.° In no case could we be confident of 
the diagnosis, although the diagnostic difficulties in 
the presence of combined ventricular hypertrophy are 
well known.'* The suspicion of enlargement of the 
left ventricle was supported by fluoroscopic findings 
in 2 of these patients, although this was present to 
Taste 11. Relation of Electrocardiographic Patterns of En- 


largement of the Right Ventricle before Operation to Post- 
operative Symptomatic Improvement. 


OGRAPHIC Cases Symrromatic S 
Y MPTOMATIC 
VENTRICULAR 
NO. OF NO. OF NO. OF 
CASES CASES CASES 
Present 29° 24 3 2 
Absent 71 33 18 20 


the same degree before Three of the 8 had 
palpable regurgitation before and after valvuloplasty. 
Another has hypertension, 1 probably has significant 
aortic regurgitation, and another has angina pectoris; 
only 1 of the 8 was greatly improved by valvuloplasty. 
Enlargement of the left ventricle may become un- 
masked after the operation as a result of a decrease 
in the predominance of the right ventricle. How- 
ever, of these 8 patients, only 2 showed a significant 
postoperative shift in the electric axis, and only 1 had 
an obvious change in rotation; none had had electro- 
cardiographic signs of hypertrophy of the right ven- 
tricle before surgery. 


Discussion 


It has been apparent to all observers that the symp- 
tomatic benefits achieved by surgical treatment of 
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sions o nlarvement of the 

“Includes 1 patient with i tern of hypertrophy who 

| 


Vol. 253 No. 23 


mitral stenosis are usually more dramatic than the 
changes in physical or laboratory findings. The opera- 
tion obviously is not curative, in that the valve struc- 
on the amount of fibrous or calcific 

leaflets and chordae tendineae. Furthermore, the ef. 
fects of the disease on the myocardium and pulmonary 
vessels may not be completely reversible, reversibility 
being related to such factors as the severity and dura- 
tion of the valvular disease and pulmonary hyperten- 
sion, or to the presence of rheumatic myocarditis or 
its results. 

Nevertheless, important objective changes follow 
valvuloplasty, and some of these have at least a rough 
correlation with symptomatic benefit. The most im- 
portant of these alterations are related to the reduc- 
tion in pressures proximal to the stenotic valve. Cathe- 
ter studies have established that elevated pressures in 
the left atrium and pulmonary artery can be expected 
to diminish. The pulmonary-artery pressure and, more 
importantly, the pulmonary vascular resistance may 
not decrease immediately, but will often fall gradual- 
ly over a period of many months.*** This is surely 
related to the frequent concomitant delay in reach- 
ing maximal improvement. Despite 
known structural changes in the smaller pulmonary 
arterial vessels in mitral stenosis,“ pulmonary hyper- 
tension is reversible by surgery to a surprisingly large 


degree.* As a consequence of this, the intensity of very 
loud second pulmonic sounds frequently diminishes, 
the functional murmurs of pulmonic dilatation tend to 
disappear, the radiologic signs of pulmonary conges- 
tion and pulmonary-artery dilatation may decrease, 


and elect phic signs of right-axis deviation 
and clockwise rotation usually lessen when these have 
been pronounced before surgery. Such diagnostic 
criteria as these are most likely to be present pre- 
operatively in patients with severe pulmonary hyper- 
tension, and in those with pure stenosis and a mini- 
mum of factors known to have an adverse effect on 
the results.*’ It is in this “ideal” group that the clinical 
findings associated with altered hemodynamics most 
often change in the direction of normal and in which 
marked functional improvement is most consistent. 
Certain postoperative radiologic findings have been 
disturbing to some investigators. An over-all increase 
in cardiac size is commonly noted on x-ray study in 
the immediate postoperative period, and was found 
by Soloff and Zatuchni™ to be present in 11 of 20 
patients six months after surgery. Although we sel- 
dom found increases in cardiac diameters measured 
, a third of the patients in the 
present series had cardiac chambers or pulmonary 
vessels that were more abnormal in appearance after 
than before operation. We found that patients with 
radiologic evidence of deterioration were much less 
likely to have marked symptomatic improvement, and, 
as a group, they had three times as many “adverse fac- 
tors” per patient than those demonstrating 
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improvement. Furthermore, there were indications 
that such patients more often lose some of their initial 
symptomatic benefit during the first two postopera- 
tive years. Radiologic findings may prove to be im- 
portant prognostic adjuncts to the postoperative man- 
agement of patients. We have no evidence that rheu- 
matic carditis plays a significant part in postoperative 

cardiac enlargement, as proposed by others.**’® 
_ The electr hic findings appear to pro- 
prognostic aid in the minority of 

cases in which signs of hypertrophy of the right ven- 
tricle are present. Such findings are correlated with 
the degree of pulmonary hypertension,®° and with 
the total pulmonary resistance, which is a function of 
both pulmonary arteriolar resistance and mitral-valve 
area.*" Such patients are also not likely to have mitral 
incom or any other disorder causing a strain 
on the left ventricle. Clinical improvement is general- 
ly accompanied by reversion toward normal of right- 
axis deviation, clockwise rotation and ST-segment 
and T-wave changes over the right ventricle. Incom- 
plete right-bundle-branch-block patterns are not of 
because they are 


a 


prognostic importance, probably 
not well correlated with elevated 
20,22,28 In the patients who had electrocardio- 
grams taken at intervals during the follow-up — 
it is apparent that the reversion of preponderance of 
the right ventricle often occurs gradually over a period 
of many months. This is in accord with the observa- 
tion that vascular resistance, when very 
high, may show a gradual fall over a period of a year 


trast to certain cases of congenital heart disease with 
left-to-right shunt, is unusual in mitral stenosis.” 
as the and presumably dilata- 
dened The common mitral 
P wave, the form of which is believed to originate in 
the left atrium, does not change significantly. Cardiac 
rhythm also shows no important changes. Although 
many patients with normal rhythm may have fibrilla- 
tion during the first postoperative week, this seems of 
no prognostic importance and of no danger in the 
presence of routine digitalization. Such paroxysmal 

arrhythmias, if persistent, can usually be converted 
with quinidine. Long-established atrial fibrillation, on 
the other hand, seems to be no easier to convert after 
surgery than before. 

Only 8 of our patients had elect di hi 
signs of hypertrophy of the left ventricle in the follow- 
up period, and there was some reason for the enlarge- 
ment in 6 of these. Only 1 of the 8 received marked 
symptomatic benefit, so that this finding probably has 
prognostic importance. When some degree of hyper- 
trophy exists before surgery, a postoperative increase 
in the electric effect of the left ventricle may repre- 
sent a diminished right-ventricle component. Never- 
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Other electrocardiographic signs indicate less dra- 
matic changes. The classic “P pulmonale,” in con- 


1004 


theless, some cases of progressive enlargement of the 
left ventricle can be expected to occur after operation, 
whether as a result of mitral incompetence, aortic- 
valve disease, unassociated vascular disease or rheu- 
matic carditis. Serial electrocardiograms can be ex- 
pected to provide important clues to such changes in 
ventricular size. 

In addition to the objective findings that can be 
ascribed to diminished pressures to the 
mitral valve, some changes can be ascribed to the 
altered valve structure alone. Thus, the tendency for 
the diastolic murmurs to diminish in intensity can be 
related to the wider provided for passage of 
blood, and the fact that the change in this murmur 
more often occurs in the most improved group indi- 
cates that the production of mitral incompetence is 
not usually responsible for the dampening effect. The 
first heart sound shows a similar tendency to diminish, 
which, except as the result of the surgical production 
of mitral insufficiency, is correlated with clinical im- 
provement.® 

The fate of soft apical systolic murmurs is quite 
unpredictable, since some diminish or disappear after 
valvuloplasty whereas others make their appearance 
only in the postoperative period. There is, however, a 
distinct over-all tendency for apical systolic murmurs 
to be more numerous after than before, a fact 
that has been noted by others.***** Some can be ex- 
plained by the surgical production of mitral regurgita- 
tion, especially if the murmur is very loud.’ How- 
ever, the majority of such new murmurs are soft, and 
there is a poor correlation between their appearance 
and the estimate of mitral incompetence after frac- 
ture of the valve. Such factors as altered valve struc- 
ture and mobility, increased filling of the left ventricle 
and changes in velocity and turbulence of blood flow 
may also influence murmurs. Furthermore, in the ab- 
sence of known mitral regurgitation, the intensifica- 
tion or appearance of soft apical systolic murmurs is 
of no prognostic value. 

It is recognized that many patients with tight 
mitral stenosis have a low systolic pressure and small 
rer tee although it is equally true that the 

blood pressure is of no importance in the diagnosis of 
mitral-valve disease.*® Nevertheless, some patients ap- 
pear to have a significant rise in systolic and pulse 
pressures after valvuloplasty that is presumed to be 
a manifestation of increased cardiac output. Wood* 
has recorded the small, rounded pulse characteristic 
of mitral stenosis by means of brachial-artery tracings, 
and has contrasted this with the “small water-hammer 
pulse” of mitral incompetence. 

Although weight gain after mitral-valve surgery 
has not been reported previously, it was striking in 
some patients of the present series. This was true 
weight and did not represent edema. The gain oc- 
curred gradually over a period of a year or two. 
Whether this was due to physiologic or 
factors is a matter for speculation, but it seems to be 
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correlated with the degree of functional improvement. 


Occasionally, frank obesity may appear, requiring 
caloric restriction. 


SuMMARY 


One hundred and six patients with operatively 
treated mitral stenosis were followed for one to four 
and a half years. Certain objective clinical 
in these patients before and after mitral valvuloplasty 
are described and discussed. Changes that could be 
chiefly ascribed to alteration of the valve structure 
were the reductions in intensity of the mitral diastolic 
murmur and first heart sound in about half the pa- 
tients. The frequent production of a soft apical systol- 
ic murmur after valvuloplasty was not related to the 
surgeon’s estimate of mitral incompetence after valve 
fracture, and seemed to have no prognostic impor- 
tance. The absence of an apical systolic murmur be- 
fore surgery was good evidence that serious or prog- 
nostically significant mitral regurgitation did not exist. 

Changes related to the reduction of pressures proxi- 
mal to the mitral valve included the diminution in in- 
tensity of a loud second pulmonic sound in a third of 
the patients, the frequent disappearance of functional 
murmurs of pulmonary dilatation, definite radiologic 
improvement in 41 per cent of 54 patients and rever- 
sion toward normal of elect hic signs of 
right-axis deviation and clockwise rotation whenever 
these were pronounced before surgery. Most of these 
changes were roughly correlated with the degree of 
symptomatic improvement. 

Certain objective signs showed postoperative de- 
terioration in a significant number of patients: a 
and postoperative evidence of 
hypertrophy of the left ventricle in 8 per cent of the 
series. Such occurred more often in a prog- 
nostically unfavorable group, but we were unable to 
implicate rheumatic fever as a cause of poor results or 
deterioration during the follow-up period. 

The presence of palpable valvular calcium could 
be predicted in almost all cases by preoperative fluor- 
oscopy, a finding of some prognostic significance since 
mitral insufficiency was much more frequent in calci- 
fied valves. However, the radiologic diagnosis of 
mitral regurgitation by determination of atrial systol- 
ic expansion was, in our experience, of no value when 
the incompetence was not predominant. 

An excellent clinical result could be anticipated in 
most of the patients with elec signs 
of hypertrophy of the right ventricle, since these signs 
are probably a measure of marked pulmonary hyper- 
tension amenable to surgical relief. The presence of 
patterns of incomplete right-bundle-branch block 
alone had no . In some cases 
significant increases in systolic and pulse pressures 
followed valvuloplasty. Greatly improved patients of- 
ten showed striking increases in body-tissue weight. 
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ABSORPTION OF RADIOACTIVE VITAMIN B:: IN NONANEMIC PATIENTS WITH 
COMBINED-SYSTEM DISEASE* 


Irwin M. Arias, M.D.,¢ Leonarp Apt, M.D.,t anp Myron Pottycove, M.D.§ 


BEFORE the advent of liver or vitamin B,, treat- 

ment of pernicious anemia, approximately 80 per 
cent of patients who died of this disease had neuro- 
logic signs resulting from demyelinization of the pos- 
terior and lateral columns of the spinal cord.’ This 
neurologic disorder has been variously termed com- 
bined-system disease, posterolateral sclerosis, sub- 
acute combined degeneration of the spinal cord and 
funicular degeneration. Its pathology, clinical course 
and response to treatment are well known.?”’ 

In vitamin B,, deficiency, anemia usually precedes 
the development of neurologic signs and symptoms, 
but occasionally this sequence is reversed and exten- 
sive neurologic damage may occur in the absence of 
marked hematologic changes.*** Because the signs 
and symptoms of combined-system disease are pro- 
duced by altered functions of specific nerve tracts, 
similar anatomic lesions of whatever origin produce 
not peculiar to vitamin B,. deficiency. The recent 
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development of methods of measuring the gastro- 
intestinal absorption of radioactive vitamin B,, pre- 
sents a presumptive means of differentiating com- 
bined-system disease resulting from vitamin B,, de- 
ficiency from similar neurologic disorders not related 
to such a deficiency. 

Many cases of combined-system disease have been 
described in nonanemic patients, but in almost all, 
pathological confirmation of this diagnosis is lack- 
ing.*-** Combined-system disease has also been re- 
ported in association with a wide variety of other 
diseases. However, autopsy examination is not avail- 
able, and hematologic data are insufficient to exclude 
the presence of pernicious anemia in these reports.” 

Suh and Merritt® presented 8 cases of combined- 
system disease without pernicious anemia in 1938. 
They considered the disorder identical to that en- 
countered in association with pernicious anemia and 
believed that it is due to the same etiologic factors. 
We have reviewed the course of events in these 
patients since then. Despite intensive treatment with 
liver extract, 2 patients died with ive neuro- 
logic disease later considered to be “atypical multiple 
sclerosis.” A third patient was re-examined after 
seven years without liver-extract or vitamin B,- 
treatment, and the diagnosis of peripheral neuritis 
was made. Autopsy findings in a fourth patient, 
reported in the original article, consisted of “slight 
of demyelinization in the columns 

. in the crossed pyramidal tracts . . . and diffusely 
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scattered throughout the brain.” A fifth patient, who ' 
made no improvement and who possibly had an 
increase in neurologic signs despite treatment with 
liver extract, died of carcinoma of the rectum ten 
congenital syphilis, and another had Hodgkin’s dis- 
ease at the time of the original report. One patient 
is still alive and has had moderately progressive 


therapy. 


Taste 1. 
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dinarily present in food. In pernicious anemia, the 


the vitamin that leads to the hematologic and neuro- 
logic manifestations of the disease. Only 5 reports 
have been found in the literature regarding the pres- 
ence or absence of intrinsic factor in nonanemic 
patients suspected of having combined-system disease. 
In each of these studies, gastric juice from the 
patients was incubated with beef muscle and then 
administered orally to patients with pernicious 


Clinical and Laboratory Data on Nonanemic Patients with Combined-System Disease. 


Nevrotocic Sions serone Treatment 


mo. 
w. as — aes 17. Markedly Absent +++ & Absent dis- Absent distal None Negative 
» =? tal to to wrists & 
wrists & knees 
knecs 
W.T. M_ 61 Numbness of 6 Markedly Absent ++++ ankle Bilateral Absent dis- distal Spastic Negative 
& decreased tal to to wrists & 
feet jerks wrists & 
knees 
F Numbness of 9 Absent Absent +4+++4 Absent dis- Absent distal None Negative 
feet knees & right wrist; 
left wrist 
A.L. M 6 18 Absent +++ & # Flexor Absent dis- Absent i . ing”’ 
legs equivocal wrists & creasedin hypesthesia 
on left. knees all fingers. in feet; 


unsustained clonus 
(reflexes were normal unless otherwise stated) 


It therefore appears that although these patients 
had signs and symptoms of combined-system disease 
when they were first observed, the course of events 
suggests that vitamin B,, deficiency was not related 
to the neurologic disease. Since at that time technics 
for measuring intrinsic-factor activity were involved 
and laborious, clinical evaluation of response to treat- 
ment was the best available means of ascertaining 
the etiology of the neurologic disorder in these pa- 
tients. However, treatment included not only liver 
extract but also the associated physiotherapy, rest 
and reassurance. If normal intrinsic-factor activity 
had been demonstrated, the diagnosis of combined- 
system disease due to the same mechanism found in 
pernicious anemia would not have been tenable. 

Intrinsic-factor activity is essential for adequate 
absorption of the small amounts of vitamin B,, or- 


anemia in relapse. 

Reimann and Weil*' and Briggs and Oerting** dem- 
onstrated significant reticulocyte responses in 
recipients. This was interpreted as indicating the 
presence of intrinsic factor in the gastric juice used. 
Beebe and Wintrobe** and Palmer and Porter,”* using 
gastric juice from similar donors, failed to demon- 


tients with untreated pernicious anemia, as well as 
by the difficulties of such an assay. 

Clarification of the problems of diagnosis has been 
made possibie by the biosynthesis of cobalt*’-labeled 
vitamin B,, of relatively high specific activity. Ab- 
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8 £8 
*In evaluating deep tendon reflexes: 
2 + normal activity 
3 + moderately hyperactive 
4 + markedly hyperactive 
5 + 
ae rate reticu € responses in similar recipients a 
concluded that the gastric juice from the nonanemic 
patients with neurologic disease was deficient in 
intrinsic-factor activity. Studies of this type were 
impeded by the decreasing number of suitable pa- 
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sorption of the radioactive vitamin from the gastro- 
intestinal tract may be determined by measure of its 
fecal elimination (Heinle and Welch**), urinary ex- 
cretion (Schilling**) or hepatic deposition (Glass et 
Pollycove and Apt®* have compared these 
methods and have shown that they yield results of 
comparable accuracy. 

In this study the hepatic deposition of cobalt®- 
labeled vitamin B,, was employed to assay the in- 
trinsic-factor activity in nonanemic patients whose 
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red-cell macrocytosis, occasional giant metamyelo- 
cytes and band forms in the aspirated bone marrow, 
but no reduction in hemoglobin. After treatment 
with vitamin B,., he experienced marked objective 
and subjective neurologic improvement over a six- 
month period. He died of a cerebral hemorrhage four 
years later. The fourth patient had gastric achlorhy- 
dria but no anemia at the time the di is was 
made; he was not seen again before he died. Autopsy 
was not performed in any of these 4 patients. 


Taste l (Concluded). 


Hemarovocic Finpinos serorne TreaTMENnt 


% 


W.R, 14.0 75 


illnesses had been diagnosed as combined-system dis- 
ease. 


Cumicat MATeriaAL 


The data in the present study were obtained from 
the records of 9 patients who had been hospitalized 
at the West Roxbury, Cushing or Boston Veterans 
Administration hospital during the period 1944-1954 
and from personal observation of 4 of these patients. 

All 9 patients suffered from illnesses diagnosed as 
combined-system disease. None had evidence of ma- 
jor hematologic disorders at the time the diagnosis 
was made. There was no history of previous treat- 
ment with vitamin B,:, liver extract or folic acid. 

Four of these patients were dead at the time this 
study was undertaken. The progression of disease 
described in 1 patient suggested multiple sclerosis. 
Progressive paraplegia occurred in a second patient 
despite frequent liver-extract injections. A_ third 
patient had no free hydrochloric acid in his gastric 
juice after histamine stimulation, minimal peripheral 


A fifth patient who had changes similar to the third 
patient, and a similar response to treatment, was not 
available for further study. 

Three of the remaining 4 patients (W.R., W.T. 
and P.B.) had been receiving vitamin B,, treatment 
for five to ninety-six months before determination of 
intrinsic-factor activity by means of radioactive vita- 
min B,:. The fourth patient (A.L.) was studied 
before and after vitamin B,, treatment. His serum 
vitamin B,, concentration was 32 micromicrogm. per 
cubic centimeter before treatment (within the range 
associated with pernicious anemia in relapse*®). In 
all 4 patients treatment produced subjective and ob- 
jective neurologic improvement. Clinical and labora- 
tory data pertaining to these 4 patients before and 
after vitamin B,; treatment are presented in Table 1. 

A group of 11 patients ranging in age from sixty- 
seven to eighty-six served as controls for similar ra- 
dioactive studies. These patients had neither signs 
nor symptoms of disease of the posterior and lateral 
columns, were not anemic, had never been treated for 


| / 
ta 
mo. mo. 
100 ce. 
Po Normal — 5 Subjective decrease None Arteriosclerotic 18 
in paresthesias; heart disease, 
slight return of mild 
sense in 
nds. 
W.T. 14.0 41 4.0 7.0 Rare, round Rare macro- 22 Marked subjective im- Disappearance of Psoriasis, gen- 22 
macro- normoblast provement; return poseeeres blood cralized 
cyte & giant of all vibration & bone-marrow 
band forms position senses. changes, without 
reticulocytosis or 
rise in hemo- 
globin 
P.B. 13.5 42 ~~ 8.0 Normal -- - 96 Moderate return of None Inactive pul- % 
vibration & posi- monary tu- 
tion senses in hands berculosis 
A.L. 13.5 0 3.9 9.0 Rare, round Occasional 2 Markedly decreased Disappearance of None 18 
macro- macro- spasticity; moderate — blood 
cyte normoblast return of vibration bone-marrow 
& position senses. 5% 
ret osis on 
6th day without 
rise in hemo- 
globin 
— anemia and had not had any gastric surgery. 


Metxops 
The hepatic deposition of cobalt®-labeled radio- 
active vitamin B,. after oral administration, with 
and without normal human gastric juice, and after 
subcutaneous administration was measured by the 
technic of Glass et al.** In all cases the same lot of 


Taste 2. Hepatic Deposition of Cobalt*-Labeled Vitamin 
Biz in Nonanemic Patients with Combined-System Disease. 


Susyjecr 


UNT Count Liver Count in Liver 
arter In- arTer arrer arrer Onat arrer 
jection or Inoestion Test Dose Incestion Test Dost 
Rapio- or oF + Noamat 
ACTIVE Rapto- Rapto- Gastric 
Vitamin ACTIVE. ACTIVE Juice 
Vitamin Vitamin + 
Norma 
Gastric 
Juice 
in./ % 
P.B. 5116 171 3 
W.R. 6682 1281 19 3383 51 
W.T. 5356 0 0 3336 62 
A.L.: 
Before treat- 
ment 6351 569 4 1746 28 
After treat- 
ment 7065 418 6 3495 ww 


cobalt®’-labeled vitamin B,, with specific 
activity of 0.786 microcuries per microgram was used 
in the preparation of the test doses of 0.5 microgm. 
each. External monitoring was performed with a scin- 
tillation counter placed on the subject’s skin overly- 
ing the middle zone of hepatic dullness in the mid- 
axillary line. The left lower thigh was similarly 
monitored to determine the background counting 
rate. The counting rate of the operator’s body and 
the counting rate in air were also ascertained. Exter- 
nal monitoring was performed before and ten days 
after the test material was given. After subcutaneous 
injections the site was monitored to demonstrate com- 
plete absorption. Hepatic counts per minute per 
microcurie were determined ten days after oral ad- 
ministration alone, ten days after subcutaneous ad- 
ministration and ten days after the administration of 
an oral test dose with human gastric juice. All counts 
were corrected for the physical decay of cobalt®’. 

The percentage of absorption after oral administra- 
tion was calculated by division of the subsequent 
hepatic count per minute per microcurie by that ob- 
served after subcutaneous administration and mul- 
tiplication by 100. The hepatic count after subcu- 
taneous administration was assumed to represent 
“100 per cent absorption.” 

Serum vitamin B,, analysis was kindly performed 
by Dr. Arnold A. Lear, of the Thorndike Memorial 
Laboratory, Boston City Hospital, using the Euglena 
gracilis microbiologic assay method of Ross.*® 

Gastric juice was collected with gentle suction after 
histamine stimulation; 80 to 150 cc. was collected in 
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each case. This was i filtered through a 

coarse-glass filter, and the pH adjusted to 7.3-7.7 

with 10 per cent sodium hydroxide, bromphenol blue 

being used as an indicator. When not analyzed im- 

mediately the juice was frozen and stored at — 10°C. 
RESULTS 

The hepatic deposition of radioactive material in 
the nonanemic patients with combined-system disease 
is presented in Table 2. After an oral test dose the 
hepatic count per minute per microcurie varied from 
0 to 19 per cent of the values that foliowed subcu- 
taneous injection of a similar dose. When the same 
oral dose was administered together with normal 
human gastric juice, the hepatic count varied from 
59 to 63 per cent of the values obtained after in- 

Patient A.L., before treatment with vitamin B,2, 
had 27 per cent hepatic deposition of an oral labeled 
dose given on two separate occasions with 150 cc. of 
normal human gastric juice that was shown to pos- 
sess intrinsic-factor activity when tested in patients 
with treated pernicious anemia. After treatment with 
ministered together with normal gastric juice was 
49 per cent on each of two occasions. 

Gastric juice collected from each of the 4 non- 
anemic patients with combined-system disease was 
given orally with a test dose of radioactive vitamin 
Taste 3. Hepatic Deposition of Cobalt”-Labeled Vitamin 
B,: in Patients with Pernicious Anemia Who Received Gastric 


Juice from Nonanemic Patients with Combined-System 
Disease. 


Susjecr Hepatic Hepatic Hepatic Hepatic Count 
WITH Count Count AFTER OraL 
Perni- arter In- AFTER OraL AFTER Oral INGESTION OF 
CIOUS JECTION OF INGESTION INGESTION OF 
Rapio- OF Vitamin + 
ACTIVE Rap1o- ViTaMIN + 
ACTIVE Gastaic Juice  Gastnic Juice 
Viramin PaTIENTS 
System Disease 
LN. #411 0 0 O(W.T.) 0 3440 78 
G.A. 4633 286 6 O(A.L.) 0 2716 59 
J.C. 5779 148 3 481 (W.R.) 8 3587 62 
W.K. 6088 0 © 162(P.B.) 3 3398 57 
to each of 4 patients with treated anemia. 


At ten-day intervals each of these 4 patients was also 
given the test dose orally without gastric juice, an 
identical subcutaneous dose, and a similar oral test 
dose with 150 cc. of normal human gastric juice. The 
results of these tests are presented in Table 3. 

The hepatic deposition of orally administered 
vitamin B,, in these treated patients was 0 to 6 per 
cent of that after subcutaneous administration of the 
test dose. After ingestion of the same test dose with 
normal human gastric juice, the comparable hepatic 
deposition ranged from 59 to 78 per cent. 
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When gastric juice collected from each of the 
nonanemic patients with combined-system disease 
was given with the test dose of radioactive vitamin to 
the patients with treated pernicious anemia, the 
hepatic deposition ranged from 0 to 8 per cent of 
that observed after the subcutaneous test done. 

The hepatic deposition of cobalt*-labeled vitamin 
B,, ten days after both oral and subcutaneous admin- 
istration to the control patients is shown in Table 4. 
~ The average hepatic deposition of an oral test dose 
ranged from 40 to 68 per cent of the subcutaneous 
value. Five of these patients had histamine-fast achlor- 
hydria; 5 exhibited free hydrochloric acid (1 was not 
examined for this). 

Discussion 

The average hepatic deposition of an oral test dose 
of 0.5 microgm. of cobalt®-labeled vitamin B,; in the 
control group was significantly less than that obtained 
when healthy young men were similarly st 
The lowest hepatic deposition of the oral test dose in 
the control group was 40 per cent. No doubt, exam- 
ination of a large group of subjects in this age group 
would reveal an occasional patient who would have 
no intrinsic-factor activity but neither hematologic 
nor neurologic manifestations of vitamin B,, defi- 
ciency. This statement is based on the demonstration 
of complete absence of intrinsic-factor activity after 
total gastrectomy by Halsted, Gasster and Drenick™ 
and by the data of MacDonald and his associates* 
indicating that four or five years are usually required 
for pernicious anemia to develop after total gastrec- 
tomy when no vitamin B,, has been given paren- 
terally and no folic acid by mouth. It is therefore to 
be expected that, in rare cases, patients with disease 
of the posterior and lateral columns that is not pro- 
duced by vitamin B,, deficiency may have deficient 
intrinsic-factor activity unrelated to their 
disease. In these exceptional patients, failure to re- 
spond to vitamin B,, treatment and progressive neu- 
rologic disease despite such treatment may be the only 
indication that the disease of the posterior and lateral 
columns was not due to vitamin B,; deficiency. 

In this study both the treated patients with per- 
nicious anemia and the nonanemic patients with 
combined-system disease had less than 19 per cent 
hepatic deposition of the oral radioactive test dose; 
in 7 of 8 patients the deposition was less than 9 per 
cent. The difference in hepatic deposition between 
these two groups and the control group is striking 
and presumably represents virtually complete absence 
of intrinsic-factor activity in the first two groups. 
Further demonstration of the lack of intrinsic-factor 
activity in the nonanemic patients with combined- 
system disease was obtained when their gastric juice 
failed to increase the hepatic deposition of an oral 
test dose given to the patients with treated pernicious 
anemia. The patients in both these groups demon- 
strated significant increases in hepatic deposition of 
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the oral test dose given with normal human gastric 
juice, 

In the absence of autopsy data in these 4 cases, 
one cannot completely exclude the possibility that 
there was no relation between the demonstration of 
absent intrinsic factor and the neurologic disease. 
This is most unlikely in patient A.L., who was shown 
to have had a serum vitamin B,; concentration before 
treatment that was within the range associated with 
pernicious anemia in relapse.?* Minimal hematologic 
Tasre 4. iti 

4. Hepatic Tne Vitamin in 


sion of neurologic signs was noted during the follow- 
up period, which ranged from two to ninety-six 
mon 

Vitamin B,, deficiency resulting from deficient 
intrinsic-factor activity becomes more frequent with 
age; the majority of patients are over fifty years of 
age at the time the diagnosis is first made.** The 
rate of occurrence of histamine-fast achlorhydria in 
otherwise normal patients who are fifty years old is 
estimated to be 20 per cent.** Hence, the finding of 
achlorhydria in nonanemic patients of this age group 
who are suspected of having combined-system disease 
due to vitamin B,, deficiency does not necessarily 
indicate deficient intrinsic-factor activity. Five of the 
control patients had histamine-fast achlorhydria with 
no evident relation to the degree of intrinsic-factor 
activity (Table 4). 

Normal gastric acidity and intrinsic-factor activity 
have been associated with vitamin B,, deficiency in 
a small group of patients who have either dietary 
deficiency of vitamin B,, or difficulty in absorbing the 
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Susject Acer Gastnic Hepatic Hepatic Count 
AcmDITY Count 
AFTER INGESTION OF 
H.A. Absent 4112 34 
P.B. Present 1972 #0 
D.C, Absent 3227 49 
S.H. Present 3525 53 
W.K. Absent 3209 47 
H.M. 3357 48 
J.M. Absent 3938 62 
E.R. Present 3702 47 
F.R. Present 2326 51 
S.S. Present 4012 69 
S.T. Absent 3100 55 
morphologic signs of vitamin B,, deficiency were 
present in 2 patients and disappeared after treatment. 
Each patient had some objective neurologic improve- 
ment after vitamin B,, treatment; no adverse progres- 
fish-tapeworm infestation, sprue or other abnormal- 
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ities of the small intestine.**** In all these conditions 
signs of vitamin B,, deficiency in the nervous system 
have been strikingly minimal. 

This study has not provided any indication why 
some patients with intrinsic-factor deficiency have 
neurologic manifestations of vitamin B,,. deficiency 
with normal hematologic findings. Because there are 
no methods for determining folic acid concentrations 
in tissue, the concept that adequate folic acid ab- 
sorption from the gastrointestinal tract permits the 
development of neurologic disease but not the hema- 
tologic manifestations of vitamin B,. deficiency re- 
mains conjectural.*” 

Summary AND CONCLUSIONS 

Four nonanemic patients with combined-system 
disease were found to lack intrinsic-factor activity, 
leading to the assumption that the neurologic disorder 
was due to vitamin B,, deficiency. None of these 
patients had received folic acid supplements. 

Clinical states mimicking combined-system disease 
can occur as a result of involvement of the posterior 
and lateral columns of the spinal cord by pathologic 
processes of varied etiology. When the characteristic 
hematologic abnormalities of pernicious anemia are 
absent, the measurement of intrinsic-factor activity 
by the hepatic deposition of radioactive vitamin B,, 
may serve to differentiate combined-system disease 
due to vitamin B,, deficiency from this other group 
of diseases. 
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"THE term cryoglobulinemia, from the Greek xpvos 
meaning cold, was coined by Lerner and Watson’ 
to describe abnormal globulins that have the physi- 
cal characteristics of precipitating on cooling and 
redissolving on subsequent warming. These authors 
reviewed the fourteen prior reports on this subject.? 
In addition to cases associated with subacute bacterial 
endocarditis* and other diseases that occasionally ex- 
hibit small amounts of cryoglobulins,?* 20 cases of 
high-grade cryoglobulinemia have since been reported. 
Rorvik® has recently described a patient with 
severe Raynaud syndrome who had an extremely high 
cold-agglutinin titer and cryoglobulinemia, and a 
mild chronic hemolytic anemia. Previously, Craig 
et al.* had reported the case of a patient with both 
acute hemolytic anemia and cryoglobulinemia. The 
purpose of this communication is to present and dis- 
cuss a case of acute hemolytic anemia associated 
with cryoglobulinemia and cold hemagglutination. 
Case Report 


On March 27, » 38-57-38), an 81l-year- 
old the General Medical Service of 


The patient had y health. t 
— before, she had a cerebrovascular accident but 
subsequently regained speech and motor function com- 


systems was 


sistent aching of 
ing i There were moderate 
ankle edema. Treatment with 
erin was effective. 
Four days before admission 
the urine pees | No observations of the stool color had 
made. patient, although aneseeee, did not have 


resonance ‘posteriorly at the “iat base, 
with coarse rales heard at both lung bases, more mark 
i int of maximal i 


Yale University School of Medicine; resident 
Haven Community Hospital. 
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ACUTE HEMOLYTIC ANEMIA, CRYOGLOBULINEMIA 
AND COLD AGGLUTINATION* 
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cardiac dullness were in the anterior axillary line. Normal 
sin was A 2 systolic mur- 
mur could be heard along the left st border. The ab- 


if 


count was 


8 


the 


usion patient re- 

ve therapy 

On March the Coombs test was found to be ++++ 

room tem but negative at 37°C. Cold 

were ++++ in a dilution of 1:1024 (dilution not car- 

ried farther), but at 37°C. ee 

Bromsulfalei 


ility was 
€ patient had not improved since admission. On the 
4th ital day, cortisone th was started, with an 
initial dose of 360 mg, followed by 200 mg. each day in 
cold-agglutinin titer at this time was 


divided doses. The 

‘allowing, 10 dave, the pation dramatically 
e ys the patient 
both clinically and by laboratory det 


The jaundice faded; she became alert and regain panes Sas 
ite and strength. Fine inspiratory rales could still 
at both bases. The to 7.5 gm. per 
100 cc., and the red-cell count to 1,510,000. Cortisone was 


ually discontinued after 14 days of 
On April 15 cryoglobulins F 


studies were carried out. The bilirubin had 
to 0.20 mg., and the 30-minute to 1.80 mg. at gg The 
liver-function tests had all to 100 ce. 
fap nitrogen, previously 69 mg., was 43 mg. cc 

An electrocardiogram showed a left-bundle-branc branch block. 
ve no evidence of abnormal ~~ Ea 
discharge, the patient continued 
9.5 gm. per 100 
, and the urine 


She was well at home until late 


upper 


_ was _ tympanitic, no ascitic 
could be demonstrated. A firm, sharp, nontender liver edge 
was easil ble 5 fi ths below the right costal 
74 with a 
24 per 
rected i 
method). 
cent neu 
monocytes. 
formation and microcytic, hypochromic and anisocytic cells 
as well as spherocytes. Examination of the bone marrow 
disclosed tremendous erythroid hyperplasia overshadowing 
a: which appeared normal. The bilirubin 
2.56 mg. per 100 cc. at 1 and 30 minutes 
respectively. It was impossible to type the blood at room 
temperature, because of the marked autoagglutination. An 
attempt to do so on a warmed slide similarly failed. 
Dr. T. S. Evans phe: pane that the acute hemolytic episode 
was due to the agglutination. In the presence of a 
the Grace-New Haven unity pital on the private 
service of Dr. Vincent Grillo. She complained of pain in 
be | reated = diet 
ve diabetes mellitus, treated with a ral diet a 
doses of NPH insulin. There was no history of either dia- ™inutes was 13.4 per cent; cephalin-flocculation was +, and 
betic acidosis or hypoglycemic episodes. the alkaline phosphatase was 11.2 Bodansky units. The 
A review of tha negative. urine was negative for bile and hemoglobin. Red-cell 
One month before admission chest and 
ee was noted, but at the time of admission she was 
ound to be deeply icteric. 
Physical examination, which showed an acutely ill woman 
who, although stuporous, could be roused, was negative ex- 
cept for the findings mentioned below. The skin was deeply 
jaundiced, with poor turgor. No purpura, petechiae or ar- 
terial angiomas were noted. The fundi showed moderate 
arterial _ and _ but no exudates or hemor- 
*From the Memorial Medical Service, Grace-New Haven Community 
Hospital, and the Department of Internal Medicine, Yale University 
pain, presumably caused by a recurrent 
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hemolytic episode, again . She refused admission 
to the hospital at that time and died at home. No laboratory 
studies were perf , and permission for post-mortem 
examination was not obtained. 


Special Studies 
On A 15 serum that had been k in a refrigerator 


lucent button at the bottom of the test tube. This button 
dissolved on warming. As the temperature was lowered to 
10°C. a moderately heavy flocculant ben, 
settled and formed a gel in the test-tube 

heatings and coolings did not alter these 


Onricin 


Ficure 1. Filter-Paper Electrophoresis of Cryoglobulin. 
The control pattern is that of a normal patient. The cry- 
oglobulin migrated with the mobility of 
evidenced by the protein seen only in he oun obulin 
zone. 


components be normal 

April 21 blood was ange allowed to clot and cen- 
“ae at 37°C. in the hope of demonstrating a greater 
amount of cold-precipitable globulin, as reported by Barr 
et al." No — cryoglobulin was found by chemical 
determination. Similar specimens of serum were examined 
by filter-paper before and after 
the cryoglobulins had been precipitated were no 
significant differences between these specimens. 


The cryog in was separated 8. cold precipitation, 
centrifugation and ated wash ——- with physiologic saline 
solution at 5°C. this material by the micro-K 


jel- 

dahl technic showed that < serum contained 170 mg. of 
cryoglobulin per 100 cc. 

This cryoglobulin was almost entirely soluble in barbitone 

electrophoretic buffer (pH 8.60 and ionic stre 0.05). 

ined with the technic of 


examination at a 

this solution were applied to 

by a micropipette in the manner 
normal 


ee © ‘serum was examined to serve as a 
control. n migrated with the mobility of 
ig. 1). 

Discussion 


In the decade since cryoglobulins were first named 
and defined a large number of additional cases of 
cryoglobulinemia have been reported. These cases 
fall into several broad clinical classifications. In kala- 
azar, which often exhibits abundant amounts of cryo- 
globulin,‘ and in subacute bacterial endocarditis, in 
which minute amounts are frequently found,’ the 
primary clinical pictures are fairly well defined. Al- 
most two thirds of all the other patients suffered from 
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cold sensitivity varying from simple urticaria with 
subsequent purpura’’ to the full-blown Raynaud 
syndrome"™'? and even to subsequent necrosis and 
ulceration."* Approximately half the patients had 
epistaxis, purpura or other evidences of altered blood 
coagulation. Except for the common bond of cryo- 
globulinemia the rest of the cases bear little clinical 
similarity to each other. 

The diagnosis of multiple myeloma has been es- 
tablished in approximately half the reported cases, 
and chronic lymphatic leukemia accounts for about 
a fifth. A still smaller percentage falls into an in- 
termediate zone based on the histologic appearance 
of the abnormal cells. No definite diagnosis was es- 
tablished in the remainder of these cases. 

The case described above differs considerably from 
the more common clinical picture seen in cryo- 
globulinemia. This patient did not exhibit cold 
sensitivity, Raynaud’s phenomenon, epistaxis, pur- 
pura or other bleeding tendencies. The primary 
problem was that of an acute hemolytic anemia. The 
case was further remarkable in that a cold-agglutinin 
titer greater than 1:1,000,000 was found; this is one 
of the highest titers recorded.** 

The cold-agglutinin titer was significantly clevated 
in only 2 y recorded cases of cryoglobulin- 
emia*" 1 of chess” was chown thas the 
hemagglutinin titer of 1:1024 was resident in the 
cryoglobulin itself. In the other® the titer reached 
the enormous level of 1:168,000,000, the highest 
recorded in the literature. This patient suffered 
from is and Raynaud’s syndrome on ex- 
posure to cold. In addition, she was shown to have 
a chronic hemolytic process of undetermined etiology. 
Rorvik believes that the cold agglutinins present be- 
haved as cryoglobulins. No studies were performed to 
clarify this point. 

The relation of cold agglutinins and cryoglobulins 
deserves further study. No cryoglobulins have been 
noted in any of the other cases with significant cold- 
agglutinin titers. On the other hand, Barr et al.* 
have shown that their cryoglobulin caused only a 
very low titer of pseudoagglutination — that is, the 
red cells appeared to be enmeshed in a precipitate. 
This phenomenon was also observed in the case re- 
ported above. Several other patients with cryo- 
globulinemia have had very low cold-agglutinin titers. 
It appears that in the case described above, these 
two phenomena were independently present. 

Kala-azar is the only other condition in which both 
cryoglobulinemia™ and a high cold-agglutinin titer’® 
have been described, although not in the same pa- 
tient. It is possible that in these cases the high titer 
was due to the presence of cryoglobu- 
lins. However, the clinical course of kala-azar does 
not simulate that of any of the previously described 
cases of cryoglobulinemia nor that of the case pre- 
sented above. 


The only previous case reported in which cryo- 


a 
ALPHA-I 
ALBUMIN 
ConTroi CrvocLosutin 
This specimen of serum was examined for total protein, 
albumin and globulin by the Kjeldahl technic, 26.88 J wg cent 
sodium sulfite being used to precipitate globulin. e total 
protein was 5.72 gm., the albumin 3.45 gm., and the globulin 
2.27 gm. per 100 cc. oe ey oy of this 
the technic . descri from this lab- 
electrophoresis of Grassmann and Hannig’ modified to permit 
C. Twenty microns of 
an No. | filter paper 
eviously described.’ 
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associated® was in an elderly woman with chronic 
lymphatic leukemia who manifested a severe hemo- 
lytic process that responded dramatically to ACTH. 
Over a period of several years she was found to ex- 
hibit a high-grade inemia, which appeared 
at about the time of the onset of the autoimmune he- 
molytic disease. The authors apparently did not be- 
lieve that the cryoglobulins were pathogenetically 


__ related to the hemolytic process. 


High cold-agglutinin titers have been described 
most commonly in atypical pneumonia’’ 
but also in trypanosomiasis,’* tropical eosinophilia’® 
and occasionally in mumps orchitis”® and infectious 
mononucleosis.”*_ Rarely, the titer reaches very high 
levels without any apparent clinical cause. These 
titers have frequently been associated with acute 
hemolytic episodes and are believed to be responsible 
for some of the cases of hemolysis.**?*:*4 

Stats** has shown that potent cold tinins 
greatly increase the mechanical fragility of the red 
blood cells. The hypothesis of Castle and his co- 
workers”® suggests the mechanism of in vivo aggluti- 
nation, erythrostasis and local ischemia, followed by 
the liberation of substances that autolyze the red 
blood cells. Ham** caused intravascular hemolysis 
in a patient with a high cold-agglutinin titer by par- 
tial exposure to cold. 

In the case reported above, the origin of the cold 
agglutinins is unknown. The patient had not re- 
ceived any sulfonamides. There was very little to 
suggest any of the diseases associated with cold 
hemagglutination. It is possible that the patient had 
primary atypical pneumonia, which may cause min- 
imal clinical symptoms. Unfortunately, no chest 
roentgenogram had been obtained during the acute 
phase of the hospital course. 

The nature of the underlying disease producing 
the cold-precipitable globulins in this case is also un- 
known. The bone-marrow examination did not re- 
motely suggest a myelomatous or lymphomatous 
process. No definite diagnosis was established. 

The relation between the cold agglutinins and the 
cryoglobulins and the hemolytic anemia is obscure. 
The theory of Dameshek and Miller’ of injury to 
the erythrocytes by the agglutinins and subsequent 

to the trauma of circulation 


seems most likely. One may also speculate that two 


independent agglutinating influences, simultaneously 
active, might more easily and more critically damage 
the erythrocytic membrane 


alone. 
In the final analysis one can only mention the 


concurrence of cryoglobulinemia, cold agglutinins 
and acute hemolytic anemia in this case. 


than either substance 


ACUTE HEMOLYTIC ANEMIA — CONN 


SuMMARY 
A case of essential cryoglobulinemia associated with 
acute hemolytic anemia and a high titer of cold ag- 
glutination is presented. 
The relation of cold agglutination and cryoglobu- 
linemia to each other and to acute hemolytic anemia 


I am indebted to Dr. Theodore S. E chief of the 
General M Medical Service of the Grace-New 
nity Hospital, who who directed the clinical i and 
helped in the preparation of this manuscript. 
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ACUTE VASCULAR (SCHO 


INLEIN-HENOCH) 
AN IMMUNOLOGIC DISEASE?* 
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PURPURA — 


B. Kremwserc, M.D.,f Damesuek, M.D.,¢ anp Rocco Latorraca, M.D.§ 
BOSTON 


"THIS paper deals with a study of 15 cases of acute 

vascular (Schénlein—-Henoch) purpura seen on the 
wards of the Boston Floating Hospital during 1948 
to 1951. In 1950-51, when most of our cases were 


We became impressed with the generalized character 


mitted to the wards of the Boston Floating Hospital 
because of a purpuric eruption. The significant find- 
ings are described in Table 1. Blood counts and cer- 
tain screening tests of the hemostatic mechanism, . 
including bleeding time, coagulation time, clot retrac- 
tion, prothrombin time of plasma and serum (pro- 
thrombin consumption) and tourniquet test, were 


Taste 1. Pertinent Data in Cases of Acute Vascular Purpura. 
Patent Tam ge Uaticansa «Jour Paws Hematuata 
yr. days 
S.C. 4% Sore throat Penicillin 5 Present pee ae Absent 
left & 
right elbow 

J.M. 4% Tonsillitis Chlortetracycline 10 Present Present Absent 
MLR. 4 Pharyngitis & tonsillitis Penicillin & sulfonamide 21 Present Present Absent 
AG. 2% Pharyngitis & tonsillitis Penicillin by mouth 12 Present Present Absent 
S.M. 2 Pharyngitis Chloramphenicol 3 Absent Present Absent 
j.w. 6 Measles None 8 Absent Absent Absent 
D.O. 3% aca None 3 Present Present Absent 
(Recurrence ) 3 Absent 

M.G. 9 Pharyngitis; ? rheumatic fever Sulfonamide 14 Absent Present Absent 
H.W 3 Cervical adenitis; pharyngitis. Chlortetracycline & penicillin 28 Absent Present Present 
DF. 3 Tonsillitis & otitis media None 7 Absent Present Present 
M.B. 4% Tonsillitis Penicillin & chiortetracycline 13 Present Present Present 
E.S. 2 Upper respiratory infection Chloramphenicol + Absent Absent Absent 
B.A.J. 10 Upper respiratory infection None 7 Absent Present Absent 
j.B. 4 Upper respiratory infection None 4 Absent Present Absent 
J.N. 6 Tonsillitis None 14 Present Present Absent 
A.K. 2% #&«%Pyuria Sulfonamide 5 Present Absent Absent 
of the disease, and with the that it was _ carried out in all cases. Bone-marrow aspirations were 


clude such conditions as disseminated lupus erythema- 
tosus, periarteritis nodosa and possibly acute glomer- 
ulonephritis and serum sickness as well. Skin biopsies 
were performed in some cases in an attempt to deter- 
mine whether or not changes similar to those found 
in the disorders were present and to trace the 
natural history of this condition. 
MATERIALS AND METHODS 
The patients in this series were all children ad- 


*From the Boston Floating Ziskind Research 
Hospital, and the nts of trics Medicine, Tufts Uni- 
versity School of ine. 

t+Associate 


professor of pediatrics, Tufts University School of Medi- 
cine; assistant physician-in-chief, Boston Floating Hospital. 
{Professor of medicine, Tufts Univesity School of Medicine; 
h Laboratory, h Laborato: 


performed in 6 cases, and skin biopsies in 4. Uri- 
nalyses, Addis counts, blood cultures, throat cultures, 
tuberculin tests and determinations of nonprotein 
nitrogen were performed in all patients. 

The patients were followed closely until all mani- 
festations of purpura had disappeared. Most of them 
were re-examined at follow-up visits to the Hematol- 

The patients ranged in age from two to nine years, 
and included 9 girls and 6 boys.’ Among the cases in 
the literature, there appear to be more males than 
females.*:* 


Picture 


The children were all admitted to the hospital 
acutely ill, usually complaining of joint pains, fever 
and malaise in addition to purpura. In all cases, 
except in | in which pyuria was present, there was a 
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studied, there appeared to be a definite increase in 
the incidence of this condition in the Boston area. 
Hospital 
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history of an antecedent infection of the pharynx or 
tonsils, followed by a period of three to twenty-eight 
days before the appearance of the purpuric eruption. 
Purpura 

The skin lesions, which were intensely purple at 
first, were noted chiefly on the lower back and but- 
tocks, and about the extensor surfaces of the elbows, 
arms, lower legs, ankles and feet, the trunk being free 
in all cases. They varied greatly in size — that is, 
from fine, pin-point lesions to large, Sik ee 
and somewhat elevated, There 
was no blanching with pressure. 
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that condition was considered a diagnostic 

by the referring physicians in 2 cases. As the purpura 
cleared, the joint symptoms subsided in twenty-four 
hours to two weeks. During the period of arthralgia, 
fever was either absent or low grade. 


Gastrointestinal Symptoms 


These were present in 8 cases (53 per cent) , usually 
occurring early in the course of the disease. The pa- 
tients complained of severe colicky abdominal pain, 
and in 6 patients, there was a history of melena for a 
period of four to nine days. No bright-red blood was 
noted in the stools of any of the patients in this series. 


Taste 1 (Concluded). 
Patent Fever Gus Goons PLATELETS EostnopHits 
% 
S.C. Present Present Present 3,530,000 6,950 800,000 6 
J.M. Present Present Present 3,920,000 19,000 929,000 2 
M.R. Absent Present Present 4,000,000 11,600 489,600 2 
AG. Absent Present Present 3,700,000 8,900 817,000 2 
S.M. Present Present Present 3,810,000 9,400 526,780 b 
j.W. Absent Present Present 4,500,000 10,500 437,500 1 
Present 3,300,000 8900 330,000 
M.G. Absent Present Present 3,800,000 6,700 601,430 5 
H.W. Present Present Present 3,800,000 10,250 1,591,000 10 
D.F. Present Present Present 3,120,000 7,500 380,000 2 
M.B. Present Present Present 4,400,000 13,800 1,269,840 1 
E.S. Absent Present Present 3,620,000 7,250 440,000 2 
B.A.J. Present Present Present 4,400,000 10,700 280,000 2 
j.B. (Abdominal pale Present Present 4,400,000 16,200 340,000 1 

J.N. Absent Present Present 3,600,000 10,000 399,500 

A.K. Absent Absent Present 4,200,000 12,700 625,000 ll 
The acute abdominal pain was usually referred to the 
The deep-purplish color of most of the lesions, their umbilicus and lasted for one to twenty-six days. As 


tendency to coalesce and their great variability in size 
and shape contrasted with the relatively small, 


nine of “idionathic” throml 


Joint Symptoms 


was not usually as severe as that in rheumatic fever, 


the purpura subsided, all intestinal symptoms disap- 
peared. 


Nephritis 

Henoch’ pointed out that nephritis was a frequent 
complication of this type of and that it in- 
dicated a poor prognosis; in fact, 1 of the 3 patients 
he described died of renal failure. Osler** stated that 
acute glomerulonephritis was the most serious com- 
plication of the disorder, 7 of his 33 patients having 
died of renal failure. Three of our patients showed 
the features of acute nephritis, including hematuria 
and albuminuria. In 1, the symptoms and signs of 
nephritis appeared forty-nine days before the onset of 
the purpuric eruption of the skin. Evidence of micro- 
scopic hematuria persisted for four months in the first 
case and for fifteen months in the second. When the 


Ocyto- 

penic purpura. 

In 7 patients the skin lesions began as urticarial 
wheals accompanied by itching, which became pur- 
puric within a short time. Antihistamine preparations 
given in a few cases before hospitalization had failed 
to alter the progress of the lesions. In the remainder 
of the cases the skin manifestations had begun with 
purpura. 

These occurred in 14 (93 " cent) of the patients, 
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third patient (M.B.) was last seen, thirty months after 
onset, urinalysis revealed no albuminuria or gross 
hematuria, but an Addis count showed 1,850,000 red 
blood cells and 411,100 white blood cells per cubic 
millimeter, but no casts. 

These findings indicate that the renal lesion is the 
slowest to heal and that nephritis in association with 
purpura may have a graver prognosis than when it 
occurs alone. Cases of acute vascular purpura and 
nephritis reported in the literature reveal that at 
autopsy the pathological picture is the same as that in 
acute glomerulonephritis. 


Hematologic Studies and the Hemostatic Mechanism 


The red-cell counts in our series varied between 
3,100,000 and 4,500,000, and the white-cell count be- 
tween 6900 and 19,000. Five patients (33 per cent) 
had eosinophilia (counts of 5 to 11 per cent). The 
patient with 11 per cent eosinophils in the peripheral 
blood also had eosinophilia of the bone marrow. The 
platelet counts in all patients were within normal 
limits and in 5 cases were somewhat increased — to 


Bone-marrow aspiration in patient A.G. showed 
normocellularity, with an increased number of mega- 
karyocytes and clumps of platelets. Patient M.B. had 
“= normocellular marrow, with a large number of 

and masses of platelets, and a 
iaaiitiae erythroid hyperplasia, with a normal 
number and maturation of granulocytic elements. 
Patient A.K. had a normocellular marrow, with a 
large number of megakaryocytes, masses of platelets, 
granulocytic hyperplasia and eosi ilia. Similar 
findings were revealed in the marrow of patient J.N. 

Possiste Etio.ocic Factors 


Years ago Schénlein* and Glanzmann*’® pointed 
out that the purpura was often preceded by infection. 
More recently, Davis"! discussed the relation between 
infection and the development of the purpura. All 
15 of our patients had a history of an upper respira- 
tory infection occurring three to twenty-eight days 
before the appearance of purpuric lesions; in 1, there 
was a history of an infection of the urinary tract as 
well. Most of the infections were accom with 
sore throat, but in only 1 patient (J.N.) did the 
throat culture reveal beta-hemolytic streptococci. In 
all cases, blood cultures were negative. The negative 
throat cultures may have been due largely to the fact 
that in 10 cases, therapy with one or another anti- 
biotic had been given before hospital admission. In 


one patient, purpura followed an attack of measles, 
which had occurred 8 days previously. 

Only 3 patients in our series gave a positive family 
history of allergic disorders such as asthma, hay fever 
and eczema. Bartley and Bell’? and also Gairdner’ 
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found no undue frequency of a positive family his- 
tory of allergy among their cases. One of our patients 
(J.W.) had had asthma and a history of a previous 
sulfonamide sensitivity reaction; in another (M.B.) 
penicillin sensitivity had developed at two and a half 
years of age. Alexander and Eyermann”™ reported a 
series of cases of purpura and abdominal pain due to 
hypersensitivity to various foods; these cases differed 
from Schénlein-Henoch purpura in several respects. 


Hisro.ocic Finpincs 


Skin biopsies were performed in 4 cases. 

In D.O. a section of skin showed an intense focal 
acute inflammatory reaction about the capillaries of 
the superficial corium, consisting of numerous poly- 
morphonuclear leukocytes, lymphocytes and i 
densely packed about the involved capillaries. Eosino- 
phils were inconspicuous. There was a thickening of 
the involved capillary walls and swelling of endo- 
thelial cells, resulting in great narrowing of the 
affected capillaries. Some capillaries were completely 
occluded by these changes. An extravasation of 
erythrocytes into the perivascular edematous areas of 
the involved vessels was noted. There were no throm- 
botic occlusions of the vessels, and no fibrin or col- 
lagen necrosis was found in the inflammatory areas. 
The lesions appeared to vary in age, the older ones 
being characterized by absence of edema, densely 
packed cells and pyknotic nuclei. 

In H.W. the deeper capillaries did not appear to 
be involved in vessels close to the epidermis. A peri- 
vascular exudate of polymorphonuclear leukocytes, 
lymphocytes, occasional eosinophils and erythrocytes 
was noted. The endothelial cells were swollen. No 
collagen necrosis or capillary thrombosis was observed. 
This case showed the least involvement. 

In D.F.,** who showed the most marked changes, 
the collagen was uniformly stained. There was peri- 
vascular exudation of polymorphonuclear leukocytes, 
together with a few eosinophils, lymphocytes, histio- 
cytes and also edema. Thickening of the capillary 
walls was present, with swelling of the endothelial 
cells and slight extravasation of erythrocytes into the 
lesion. These vascular changes, which involved both 
capillaries and small arterioles, were found through- 
out the corium. No intravascular thrombosis was seen 
and no areas of necrosis of the vessel wall were noted 
(Fig. 1 and 2). 

A second biopsy, taken after a course of ACTH 
therapy, demonstrated striking improvement. The 
vessels and the superficial corium showed only mini- 
mal infiltration of lymphocytes. No abnormality of 
the capillary or arteriolar walls was noted, and no 
necrotic lesions were seen. 

In M.B. a perivascular exudate of polymorphonu- 
clear leukocytes, lymphocytes and erythrocytes form- 
ing a cuff along segments of the capillaries was evi- 
dent. A few eosinophils were found in the exudate. 
The lumens of the capillaries were narrowed by 


time and prothrombin consumption were normal in 

all cases. 
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swelling of the endothelium ; swelling of the capillary 
wall was noted. These involved vessels were found 
close to the epidermis in the papillae of the corium. 
No changes in the epidermis, collagen or glands and 
no capillary thrombosis were seen. 

Thus, an acute inflammatory reaction involving the 
capillaries was evident in all 4 cases in which biopsies 
were done. A variable cuff consisting of polymorpho- 
nuclear leukocytes, lymphocytes, histiocytes and edema 
a eosinophils in small numbers was found. There 

was swelling of the endothelial cells. Edematous 
thickening of the capillary wall was found. About 
many of the lesions there was an extravasation of 
erythrocytes into the surrounding tissue. The lesions, 
although found in all areas of the skin, were mostly 
located in the superficial corium. However, in the 


Ficure 1. meee in Patient D.F., Who Had the 
Severest Type of Histologic Reaction (X75). 


Note the inflammatory exudate about the arterioles in the 
lower portion of the vessels and skin appendages. 


severest cases the small arterioles were also surrounded 
by this inflammatory exudate. 

Important negative findings were the absence of 
necrosis or changes in the collagen fibers, absence of 
fibrin in the inflammatory lesion, absence of thrombi 
in the capillaries and no necrosis of vessel walls. 
The use of periodic acid-Schiff stains, elastic-tissue 
stains and Mallory aniline blue stains gave no further 
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TreaTMENT 


When any active focus of infection was found, treat- 
ment with the appropriate antibiotic was instituted. 

Because of the dramatic results noted in certain 
autoimmune and allergic conditions treated with 
ACTH, 3 patients who were apparently not improv- 


Ficure 2. Magnification A 208) Square Inset in Figure 1 
Note the cellular infiltration about the arterioles. 


ing on conservative treatment were given a course 
of ACTH therapy for fourteen days. Within a week, 
the lesions disappeared in all. In 1 case 
(D.F.) a second skin biopsy after fourteen days of 
treatment revealed almost complete regression of 
the perivascular lesion. In this case new purpuric 
lesions appeared a week after cessation of therapy but 
receded spontaneously. 


sions usually associated with other hemorrhagic man- 
ifestations involving joints, gastrointestinal tract and 
kidneys. The various features may be concomitant 
or may appear as isolated symptoms. As a result, the 


small blood vessels. The fundamental lesion is ap- 
parently a vasculitis and perivasculitis. The joint 


) 
~ 
© 
= 
> 
L ~ 
. | 
of 
Descuson 
characterized by urticarialike and purpuric skin le- 
inical pictur PXUreme iriaDile. € Skin pur- 
pura may be construed as simply one of the mani- 
festations of a generalized disturbance involving the 
information. 


symptoms appear to be due to periarticular edema 


similar to that seen in serum sickness, an allergic 


rotomy in cases in which an operation was performed 


ularly’*?* and others’® have reproduced the typical 
clinical and histologic lesions experimentally with the 
use of heteroimmune antiblood-vessel serums. The 
generalized character of the disease, the angiitis and 
the perivascular changes of the skin found at biopsy 
are some of the features in common with the “col- 


origin. 
some au *® have stated that from the histologic 
standpoint it is difficult in some cases to state where 
acute vascular purpura ends and periarteritis begins. 
It is possible that these conditions represent similar 
disturbances but with involvement of different types 
of blood vessels, the larger blood vessels being af- 
fected in periarteritis. Of importance, too, is the 
recognition that the disease is by no means simply a 
skin disturbance, but one with widespread involve- 


Correction: On 
Marble entitled “ 


present Figure 3 should be Figure 2, the 
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ment of blood vessels and endothelial surfaces 
throughout the entire body. Because of location, the 
renal lesion is by all odds the most serious, and poten- 
tially the most important. 


Summary AND CONCLUSIONS 
Fifteen cases of acute vascular purpura are dis- 


:629-646, 
(On splenic anaemia. Am. J. M. Sc. 119:54-73, 1900. 


manifestations skin 
Am. J. M. Se. 1-23, On 
crises in erythema group of skin diseases. 


723 and 724 of the paper by Drs. Slayton, Burrows and 
te Insulin in the Treatment of Diabetes,” which a in 
the October 27 issue of the Journal, the present Figure 2 should be Figure 

legends remaining unchanged. 


and the 
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disease. Gastrointestinal symptoms and melena are 
probably due to hemorrhage and edema on the basis 
of vascular lesions occurring in the wall of the in- 
emergency was present. Involvement of the glo- aaa Infection preceded the onset of purpura in 
meruli adequately explains the glomerulonephritis 
and often marked hematuria. The diagnosis of acute The latent period between remission of the infection 
vascular purpura should be considered in every case and the appearance of purpura may be the time dur- 
in which any of the acute symptoms develop, whether "8 which, in response to an antigenic stimulus of 
alone or together, a few days to two weeks after the "known nature, an immunologic mechanism de- 
oocumeence of an infection. velops. An immunologic “storm,” with an antigen- 
The occurrence of a preceding infection followed the blood be 
by a latent period before the onset of the vasculitis P of the 
in all our cases appears of definite significance. It is pera eg of -~ ound oe of the 
possible that the infection is responsible for the in- Small blood vessels of the corium, capillaries o 
itiation of an immunologic response. After a latent of and j 
period of incubation, an antigen-antibody reaction at a walls intestines m Gn et 
the vascular level might be responsible for vascular Plains the varied symptomatology. 
damage and thus for the histologic lesions observed R 
in this disease.* The role of the beta-hemolytic 
streptococcus in this mechanism remains to be ex- |. Frat, J. H. Purpura and haes 7 Beton Sameer 
plained. The importance of the hemolytic streptococ- Amercon"and foreign and T. Metra 
cus in initiating the hypersensitivity reaction is well 2 Gairdner, ” gi Schénlein-Henoch oigndrome (anaphylactoid pur- 
established in rheumatic fever and glomerulonephritis Med ‘Tenth Aufl 
— diseases perhaps based on a similar pathoge i 917 pp. Berlin: A. Hirschwald, 1899. P. 839. ‘ 
mechanism. 
That Schénlein-Henoch purpura is a generali 
Third Aufl. 4 vol. Freiburg: Herisau, 1847. 
13. Alexander, H. L., and Eyermann, C. H. Food allergy in Henoch’s 
purpura. Arch. Dermat. & Syph. 16:322-327, 1927. 
peu enmect nocort hormone 
AMA. 144: 1372-1398, 1950. 
15. a vascular purpura: immuno-vascular disorder. 
16. Katsura, H. Cited by Clark and Jacobs.” 
17. Chane, end S. Cited by Clark and Jacobs. 
confirmatory report: Blood §: 86328, 1950. 
necrosis’ J. Clin Path “ith myo 
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ANTIBIOTIC-RESISTANT BACTERIA — FINLAND 


MEDICAL PROGRESS 


EMERGENCE OF ANTIBIOTIC-RESISTANT BACTERIA (Concluded)* 
MAXWELL FINLANp, M.D.+ 


AND BiocHEMICAL Properties OF 
STRAINS 


the 
Comparisons of Sensitive and Resistant Strains of 
Although the mechanisms involved in the develop- 
ment of antibiotic resistance will not be considered in 
detail, some studies designed to elucidate the problem 
and some illustrations of differences between sensi- 
tive and resistant strains may be mentioned. Bellamy 
and Klimek*” noted that a penicillin-resistant variant 
of Staph. aureus grew more slowly than its sensitive 
parent culture and also lost its ability to grow anaero- 
bically. They could not increase significantly the re- 
sistance of strains of Str. faecalis, Str. mastitidis or 
Clostridium welchii by similar methods. They sug- 
gested that organisms that depend on anaerobic proc- 
esses for their energy supply will not become appreci- 
ably resistant to penicillin. Changes in metabolic 
activities and growth requirements of streptomycin- 
resistant organisms have also been reported by many 
but str substan- 
ces could not be demonstrated in such organisms or 
their products.*** Anderson‘*”* pointed out a number 
of metabolic and biochemical changes in a strain of 
staphylococcus isolated from a patient and found to be 
resistant to 5 antibiotics; some of these changes had 
also been described in strains made highly resistant in 
vitro. Alexander and Leidy*” induced streptomycin 
resistance in H. influenzae by exposing sensitive strains 
to extracts of resistant ones; this was shown to be asso- 
ciated with transfer of desoxyribonucleic acid (DNA) 
from the resistant strain in the same manner that 
Hotchkiss produced penicillin-resistant strains of pneu- 
mococci*®® and other st organ- 
isms.‘* Without consideration of the details of the 
genetic aspects,*"* it is now recognized that most 
organisms acquire resistance stepwise by grades that 
vary for different antibiotics and different species. 
However, high degrees of resistance to streptomycin 
— and also to isoniazid and occasionally other agents 
— may emerge suddenly in a single stage. Kaipainen, 
‘82 for example, demonstrated completely penicillin- 
resistant variants of 2 originally sensitive strains of 


Bacillus subtilis after a single cultivation in broth con- 
taining penicillin. Both the stepwise and the single 
large-step types of resistance have been observed to 
develop simultaneously by several workers. 
Beljanski,*****° comparing st t 
and streptomyci itive variants of the same strains 
of Staph. aureus and Esch. coli, found that the latent 


and they accumulated more ribonucleic acid, and 
only this substance, at the end of the latent phase. 
Other constituents showed no difference; these in- 


penicillin-resistant variant of the same strain of Staph. 
aureus accumulated not only ribonucleic acid but also 
proteins, purine nucleotides and phosphorolated acid- 
soluble compounds. Penicillin was considered not to 
interfere with depolymerization of ribonucleic acid, 
which degrades and then participates in protein syn- 
thesis. Streptomycin, on the other hand, combines 
with ribonucleic acid (or with nucleoproteins) ) and 
prevents its depolymerization. A sulfonamide-resistant 
Staph. aureus exhibited a prolonged latent period dur- 
ing which it accumulated twice as much desoxy- 
ribonucleic acid as its sensitive parent; this was in 
contrast to the s and 
resistant variants, which accumulated more ribonucle- 
ic acid and not desoxyribonucleic acid. Streptomycin- 
resistant strains of S. enteritidis*** behaved differently 
from the other species; they were richer in desoxy- 
ribonucleic acid than their sensitive parents. Rates 
of multiplication of the resistant variants did not de- 
pend on the amounts of ribonucleic acid. 

Hobson**’ could establish no change in the prop- 
erties of erythromycir istant strains as compared 
e strains, ex- 


using y 
onstrated that, in addition to extracellular penicillin- 
ase production, by which bacteria convert penicillin 
to penicilloic acid, or, as in | instance, dependence 
on penicillin for multiplication, there are at least 3 
mechanisms of penicillin resistance: a number of 
strains degrade penicillin after it enters the cell — 
this was found in Esch. coli, P. morganti and Shigella 
paradysenteriae; the resistant strains bind less peni- 
cillin than the sensitive ones; and, by some unknown 
mechanism, cells of penicillin-resistant variants of 
normally sensitive strains may combine with penicillin 
to the same degree as the cells of the parent sensitive 
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phase of growth of the resistant strains was more 
prolonged than in the corresponding sensitive strains 
cuded proteins, orthophosphates, ribose and desoxy- 
ribose nucleotides and desoxyribonucleic acid. A 
cept slower growth and crossresistance to carbomycin. 
*From the Thorndike Memorial ont Fourth 
ment of Medicine, Harvard Medica t from the 
was a rom 
sf this paper prepared 
ternational Conference on the ve of Antibiotics in Agriculture, or- 
Eounell through, the Agricultural Research Institute of the Division of 
Biology and Agriculture, Washington, D. C., October 21, 1955. 
tAssociate professor of medicine, Harvard Medical School; chief, 
Memorial Laborstory, Boston City strains without being killed. 


Antibiotic-resistant variants may arise as a result 
of environmental factors other than exposure to the 
antibiotic. Thus, Smolens and Vogt**? found a greater 
proportion of strep cin-resistant cells in cultures 
of H. pertussis or M. aureus grown on Cohen—Wheeler 
with parallel cultures from the 

same suspension grown on Bordet-Gengou medium. 
The latter, they found, could also substitute for strep- 
tomycin as a nutritional source for a streptomycin- 
dependent strain of H. pertussis. A marked increase 
in resistance of staphylococci to penicillin and strepto- 
mycin was to follow promptly after ultra- 
violet irradiation.**° Such increases in resistance 
could not be confirmed in Esch. coli by Saz et al.*” 
after irradiation of either the culture or the medium 
before inoculation; they did, however, note a striking 
increase in the proportion of irradiated cells that 
were of intermediate resistance to streptomycin (4 to 
10 microgm. per cubic centimeter). Szybalski*® also 
claimed to have developed streptomycin resistance by 
exposure to the antibiotic without multiplication of 
the organisms; if confirmed, he believes this may be 
the first real demonstration of “Lamarckian” inherit- 
ance. 

Saz and Eagle*** plated out varying numbers of 
M. aureus, Str. pyogenes and Diplococcus pneumo- 
niae, Type III, on agar containing threshold concen- 
trations of penicillin and found that the emergent 
number of colonies paradoxically decreased as the 
size of the inoculum increased. The weakly resistant 
organisms that would normally grow out became non- 
viable in the of large numbers of bacteria 
dying under the impact of the antibiotic. This phe- 
nomenon occurred only irregularly with Str. faecalis 
and was not observed with a strain of Esch. coli. 
When highly resistant organisms (M. aureus, Str. 
pyogenes or D. pneumoniae) , derived from an initially 
sensitive strain by serial transfer through penicillin, 
were plated with large numbers of the parent sensitive 
strains in low concentrations of penicillin, the resistant 
strains failed to grow out. This phenomenon was 
strictly specific. The mechanism may be related to 
the transformation through the release of desoxy- 
ribonucleic acid from the sensitive cells, as described 
by Hotchkiss.**° 


Espersen**®’ found that strains resistant to strepto- 
mycin in vivo as well as highly resistant variants de- 
rived from sensitive cultures of Myco. tuberculosis, 
were e in morphology and rate of 
growth both in microcultures and in Dubos’s medium. 
Penicillin has the same bacteriostatic and bacteriolytic 
effect, and sulfathiazole had the same bactericidal 
effect on sensitive strains on both types of streptomy- 


could not demonstrate the production of “streptomy- 
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cinase” during the growth of a strain of tubercle 
bacillus that was not inhibited by 2000 microgm. of 
streptomycin per cubic centimeter. He**’ and others*®”® 
were able to demonstrate highly resistant variants in 
cultures of sensitive strains not previously exposed to 


streptomycin. 

Differences in the metabolism of streptomycin-sen- 
sitive and strept tant variants of H37Rv, 
the human virulent strain of Myco. tuberculosis, were 
described by Peterson and Pope.*® Both variants syn- 
thesized all components of the vitamin B complex, 
but there was a slight increase in the synthesis of 
inositol, histidine and tryptophan and an increase in 
the amount of leucine, isoleucine and valine produced 
by the resistant variant that could not be accounted 
for on the basis of differences in growth. The growth 
requirement of isoniazid-resistant strains of Myco. 
tuberculosis were studied by Barry et al.,5°' and some 
of them were found to be unpredictable. 


Persistence of the Resistant Trait 


Two types of penicillin resistance have been de- 
scribed among staphylococci,***"° one that is tempo- 
rary and follows exposure of sensitive organisms to 
increasing concentrations of antibiotic in vitro’? and 
another that is permanent and is observed in strains 
obtained from infected sources; only strains of the 
latter type produce the penicillin-destroying enzyme, 

. Other workers,®*-5°?:5% however, have 
derived penicillinase-producing strains of staphylo- 
coccus from originally penicillin-sensitive strains dur- 
ing exposure to the antibiotic and also obtained strains 
that do not produce penicillinase from resistant and 
penicillinase-producing ones during exposure to other 
antibiotics.** These and other studies on the resistance 
of the staphylococcus have been reviewed by Barber,** 
and those on the resistance of other organisms by 
Pollock®* and Abraham.*” 

Barber*' obtained penicillin-sensitive strains from a 
varying and often major proportion of resistant and 
penicillinase-producing strains isolated from patients, 
depending on the medium used, the period of incu- 
bation and the number of subcultures. She could not 
accelerate the reversion to sensitivity by exposure to 


x-rays or by growth with other organisms. 


and Barber,*® like- 
wise, could select out penicillin-sensitive strains from 
originally resistant penicillinase producers by serial 
subcultures on agar plates containing streptomycin or 
chloramphenicol. Graessle and Frost‘*** demonstrated 
reversion to sensitivity of strains made resistant to pen- 
icillin or streptomycin in vitro by repeated sub- 
cultures in antibiotic-free mediums. Others***-5°* ac- 
complished this only irregularly and with difficulty i in 
organisms that were highly resistant to streptomycin. 

Still others***.2%.5°* failed to demonstrate changes in 
resistance over long periods, and Miller and Bohn- 
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Changes in colonial and microscopical morphology ®@_"™"demonettated a loss o penicillinase produc- 

of streptomycin-resistant strains have been noted by tion in staphylococci on exposure to sublethal con- 

several groups of workers.***-*** 
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hoff*** continued to culture strept i 
aie ite of for 


sistant variants from an originally sensitive strain of 
M. aureus. One of these was resistant and grew 
equally well with or without penicillin, and the sec- 
ond was resistant but grew less well in the presence 
of penicillin; the third formed minute colonies that 
were much more resistant than the parent, and the 
fourth was a penicillin-dependent variant, unstable 
and growing best in a narrow range of penicillin con- 
centrations. Whereas the first two forms increased in 
resistance by gradual stages, the third increased by a 
single stage and retained the same resistance. The 
latter type of colony was, i at least, 
similar to the small-colony type isolated by Wise and 
Spink** from patients under treatment with penicillin. 
Small-colony variants (G forms) that are highly re- 

et al.,®°® who isolated some of them on penicillin-con- 
taining agar and others after exposure to barium 
chloride ; all these strains were also resistant to methyl 
violet. Youmans et al.*!° also produced small-colony 
variants of Staph. aureus on exposure to penicillin; 
these were unstable, as were those of Wise and 

88 

Weinstein and Tsao*™* were able to increase the 
penicillin resistance of Str. pyogenes only slightly by 
serial subcultures in penicillin-containing mediums. 
This resistance was only temporary and was readily 
abolished by frequent subcultures in antibiotic-free 
mediums. 


Virulence of Resistant Variants 


Wide differences have been found among Types 1, 
2 and 3 pneumococci in the degree of resistance that 
they develop on exposure to penicillin; the increased 
resistance was associated with a loss of virulence that 
could not be restored by serial 
mice.*"* Resistance of a strain of Staph. aureus could 
not be increased by passage in mice in the presence 
of penicillin.*’* Strains of meningococci made resist- 
ant to penicillin in vitro, however, retained their 
virulence for mice, and large doses were required to 
protect them against infection with such resistant 
strains.*** Observations on the virulence of drug-re- 
sistant strains of Myco. tuberculosis were included in 
an earlier section. 

Penicillin-resistant strains of staphylococci and 
streptococci were made sensitive by growth in mixed 
cultures with other organisms that were sensitive. 
This was accomplished by Voureka®* even if the 
bacterial association occurred in the refrigerator 
where growth did not take place. Some bacterial 
autolysates could also affect the change, and the sen- 
sitivity thus acquired was a lasting one. Winner** 
confirmed Voureka’s findings and succeeded in in- 
creasing the penicillin sensitivity of a relatively resist- 
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ant staphylococcus some 200-fold by growing it for 
four hours in contact with a sensitive streptococcus, 
which became relatively resistant to penicillin after 
this treatment. Bennison and Schwabacher,*"* on the 
other hand, failed to confirm Voureka’s findings; they 
observed a loss of resistance on standing without ex- 
posure to penicillin, but this was reacquired by trans- 
fer in inc concentrations of the antibiotic. 
Fairbrother et al.5"’ isolated both sensitive and re- 
sistant staphylococci from 6 of 200 apparently re- 
sistant cultures isolated from infectious processes. 
Growth of these 6 strains together with Str. hemolyt- 
icus or in the presence of other antibiotics did not 
appear to influence the natural development of the 
sensitive variants. 

Seligmann and Wassermann‘** demonstrated some 
loss of mouse pathogenicity in strains of salmonella 
accompanying the development of streptomycin re- 
sistance. Chandler and Schoenbach,*** on the other 
hand, noted no change in the original virulence of 
resistant strains of various organisms for human blood. 
The st t meningococci produced by 
Miller and Bohnhoff*** retained their virulence, and 
influence the infection of mice with such resistant or- 
ganisms. Mice pretreated orally with streptomycin 
were found by these workers***:*** to be more suscep- 
tible than normal mice to infection with streptomycin- 
resistant S. enteritidis. 


Antibiotic-Dependent Bacteria 


From cultures of a streptomycin-susceptible menin- 
gococcus on strept g agar, Miller and 
Bohnhoff®"*:"° obtained two types of resistant col- 
onies ; one grew equally well in the presence or absence 
of streptomycin, which is the usual “resistant” type, 
and the other grew only in the presence of the anti- 
biotic and was therefore “strept d 
These two types of colonies differed in appearance and 
were readily distinguishable. The optimum growth of 
the dependent variant occurred in a narrow range of 
concentrations (100 to 400 microgm. per cubic centi- 
meter). St organisms have 
since been isolated in vitro by many workers**®*5475.- ~ 
#96,520-524 from a large variety of bacterial species in- 
cluding M. aureus, Esch. coli, Ps. aeruginosa, P. mor- 
ganit, S. typhosa and other ies of salmonella, A. 
aerogenes, H. influenzae, shigella, B. subtilis and bru- 
cella. Alexander and Leidy*’® also observed some 
strains of H. influenzae that grew better in the pres- 
ence of streptomycin in the medium, and Hobby and 
Dougherty®** described a dependent variant of a pseu- 
domonas-like strain that apparently could multiply in 
an aqueous solution of streptomycin without addition 
of other nutrients. Hall and Spink*** isolated a strep- 
tomycin-resistant strain of Br. abortus from the blood 
culture of a patient under treatment with this anti- 
biotic and noted that its growth was stimulated in 
vitro by the addition of a sublethal concentration of 
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streptomycin. The four types of resistant variants of 
M. aureus developed by Barber** have already been 
mentioned. 

In general, streptomycin dependence is not asso- 
ciated with changes in susceptibility to other anti- 
biotics, but Yegian and Budd*** described a strain of 
Myco. ranae that was resistant to sulfathiazole when 
streptomycin dependent. Dependent variants have 
also been isolated from the throats of patients under 
treatment with streptomycin and, along with resistant 
strains, among the usual inhabitants of the throat and 
large bowel of mice and rabbits after oral administra- 
tion of large doses of the antibiotics.*****" Stenderup*” 
also cultured str dent strains from the 
infected urine of 8 patients under treatment; some 
of them persisted for several days after the streptomy- 
cin was withdrawn. In 1 of these cases the infection 
was aggravated when therapy with streptomycin was 
resumed 


Paine and Finland***-**° found that the concentra- 
tions at which optimum growth of streptomycin-de- 
pendent variants occurred was critical and varied with 
the strain; during prolonged growth at higher or lower 
concentrations of streptomycin, mutations back either 
to resistant or to sensitive variants or to both took 
place. This was confirmed by Stenderup.*** The 

c dent meningococci of Miller and 


morphology from the parent sensitive strains, 
chun for long pated 
concentrations of 

The streptomycin requirement of the streptomycin- 
dependent variant is so specific that its use has been 
recommended as a test of streptomycin production by 
bacteria,®*** but this may not apply to all bacteria, 
for it has already been noted that Bordet-Gengou 
medium was found to serve as a nutritional source for 
a streptomy dependent strain of H. pertussis. 
Strept d dent strains will not survive in the 
presence of hydroxylamine or cysteine, which inacti- 
vates streptomycin ; however, certain conjugated strep- 
tomycins and other derivatives, according to Rake*** 
and Winsten,*** may replace streptomycin for growth 
of dependent strains. In animals, infection with strep- 
tomycin-dependent organisms does not take 
unless they are treated with streptomycin. Olitzki and 
Sulitzeanu®*® found that strept t 
brucella did not produce infections in human volun- 
teers, but they induced low-grade antibody titers 
temporarily,**5*° and these workers considered using 
them for vaccines.**° However, they were deterred by 
the possibility of reversion to virulent and nonde- 
pendent forms in vivo, such as occurs in vitro. 

Mention was made earlier of the isolation of anti- 
biotic-dependent organisms from infected urine. 
Schiett and Stenderup* isolated 8 strains of gram- 
negative, lactose g bacilli that formed 
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greenish, pyocyaneus-like colonies and were partially 
dependent on chlortetracycline, oxytetracycline and 
chloramphenicol. These differed from the usual de- 
pendent variants in that they were sensitive to both 
low and high concentrations of the antibiotics but 
grew best only in the presence of intermediate concen- 
trations. They were also partly dependent on more 
than one antibiotic and grew well in suitable mediums 
in the absence of these antibiotics. Only 2 of the 8 
strains were from patients who had received treatment 
with oxytetracycline, whereas the others had not re- 
ceived any antibiotics. The patients had all had sur- 
gical procedures performed on their urinary tracts, 
and their infections were considered to be nosocomial. 

Strains of organisms truly dependent on any of the 
commonly available antibiotics other than streptomy- 
cin have rarely been encountered clinically, and ex- 
cept for streptomycin and penicillin, have not been 
readily developed in vitro. However, Gocke and 
Finland**' reported the isolation of a chlorampheni- 
col-dependent variant of a strain of K. pneumoniae 
during serial subcultures in the presence of increasing 
concentrations of this agent. This strain was unstable, 
giving rise to both normally sensitive and resistant 
variants, growing best at an optimum concentration 
of chloramphenicol and not at all in its absence. 
Its growth was not supported by any other generally 
available antibiotic. 

The subject of str d in organ- 
by Miller and Bohnhoff.* They pointed out, as others 
have, that to determine whether streptomycin depend- 
ence is contributing to a therapeutic failure it would 
be necessary to inoculate infected materials from the 
patient simultaneously strept 
If more colonies de- 
velop on the former, subcultures of colonies from that 
medium, when again planted on both mediums, will 
reveal which are dependent and which are resistant. 

dent tubercle bacilli have been 
observed clinically. Spendlove et al.5** observed that 
growth of a culture of tubercle bacilli from the same 
sputum was much greater on a culture containing 
streptomycin than in a control tube. The sputum was 
obtained on the ninety-sixth day of streptomycin 
therapy, and there was rapid progression of the dis- 
ease at the time. Subsequently, they again obtained a 
specimen from the same patient and got similar re- 
sults; tubercle bacilli did not grow without strepto- 
mycin and grew well when this was added to the cul- 
ture medium. Owen et al.’*> observed a similar case; 
after streptomycin therapy was stopped, streptomycin- 
sensitive organisms were again obtained from their 
patient. 

Doane and Bogen*** developed a strain in vitro 
that required streptomycin in the medium for 
growth ; this property was maintained through suc- 
ceeding subcultures. This strain, however, did not 


Bohnhoff,*°* however, appeared to be quite stable, 
but those of Rake*** were not so stable. The depend- 
ent variants differed both in colonial and micro- 
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with or without streptomycin therapy. A streptomy- there is some, but less marked, crossresistance between 
cin-sensitive mutant derived from it, however, was these antibiotics and chloramphenicol; no crossresist- 
fully virulent for guinea pigs. In contrast to Wolinsky ance but occasional increased sensitivity to strepto- 
and Steenken,?” who failed to develop resistant strains mycin has been noted in such strains. In burn wounds, 
during prolonged treatment in mice, guinea pigs or however, crossresistance between chlortetracycline and 
rabbits, Lenert and Hobby** obtained strains that oxytetracycline was demonstrated in staphylococci by 
were highly resistant and also dependent from cul- Thompson et al.*** in patients treated with chlor- 
tures of 6 out of 196 mice infected intracerebrally tetracycline, but crossresistance to chloramphenicol 
with the H37Rv strain of Myco. tuberculosis. On was not observed in these strains. 


tomycin. The strains that were virulent were found resistance in either direction between penicillin and 
to be sensitive to streptomycin in vitro. any of the other 4 antibiotics. Monnier and Schoen- 

Yegian and his co-workers***-*" isolated a strep- bach*** could demonstrate no change in sensitivity to 
tomycin-dependent variant from a sensitive strain of polymyxin B in strains made resistant to any of these 


of Staph. strains remained sensitive to penicillin. Miller and 


species freshly isolated from patients and showed Andrieu et al.*** studied the resistance and crossre- 
parallel rises in resistance to penicillin F and G after sistance acquired in vitro by 6 strains of Staph. aureus 
subcultures in either one; they also noted a strain of exposed to penicillin, streptomycin, chlortetracycline, 
Str. viridans and one of Staph. aureus from cases of oxytetracycline and chloramphenicol. They confirmed 
bacterial endocarditis in which successive strains iso- i between i 


‘cillin d 
penicillins G and X rising in parallel. All studies have that became resistant to the latter. In the others, the 
indicated that strains made resistant to one of the sensitivity to each agent remained essentially un- 
tetracyclines also acquire resistance to the others, and changed after resistance developed to a different one. 


resistant and streptomycin-dependent strains. Only 2 5 species after a few transfers of each in broth con- 
of the 6 strains were as virulent as the parent strain taining one of 5 antibiotics (penicillin, dihydrostrep- 
from which they were derived; the others were of tomycin, chlortetracycline, oxytetracycline and chlo- 
low virulence, causing death of mice in three to six ramphenicol) and obtained uniform results with 
months, with many surviving longer than six months. gram-negative bacilli, but the results with gram-posi- 
Virulence was not enhanced by treatment with strep- __ tive organisms were variable. He observed no cross- 
dependent variants in a single culture after prolonged —_ variations both in the degree of homologous resistance 
incubation of Myco. tuberculosis and Myco. ranae on developed from exposures to chloramphenicol and 
mediums containing 100 microgm. of streptomycin per chlortetracycline and in the crossresistance between 
cubic centimeter, and they could derive the dependent these antibiotics to oxytetracycline and penicillin, de- 
variant from a resistant population, but on subcul- pending on the species. They noted crossresistance 
ture they obtained both sensitive and resistant prog- to penicillin as well as to chlortetracycline and oxy- 
eny and the dependent strain grew best in an opti- tetracycline in a strain of S. typhosa and in a staphy- 
mum concentration of streptomycin. When the de- ococcus that had been made resistant to chloram- 
pendent strain was grown together with resistant ones phenicol, and they also demonstrated an increase 
for several subcultures, the former variant could no in resistance to penicillin from 5 to 100 units per 
longer be detected. From a pigment-producing spe- cybic centimeter in a strain of P. vulgaris that had 
cies of mycobacterium, Yegian and Budd®*’ isolated been exposed to chlortetracycline. Crossresistance in 
two distinct types of streptomycin-dependent variants; varying but not marked degrees between streptomycin 
these segregated on subculture into other mutants, and neomycin has also been noted repeatedly. 
which then bred true, the progeny being either strep- —538,542,544,546,547 
tomycin-sensitive or streptomycin-resistant, and each Although crossresistance between streptomycin and 
of these was stable. neomycin was observed by Haight et al.,°*" crossresist- 
pee aes ance of streptomycin-resistant strains to other common 
| antibiotics was not observed by Alexander and 
Numerous in vitro studies of the development of Leidy*” or by others. Graessle and Frost,*** however, 
crossresistance — that is, resistance to other anti- reported 2 strains of staphylococcus that acquired 
biotics than the ones to which organisms have been some increase in streptomycin resistance as they in- 
exposed — have been reported.'*!:*87.588-551 Tn 1946, creased in resistance to penicillin, but the reverse was 
other penicillins. Dowling, Hirsh and O’Neil®** also sometimes be accompanied by increases in sensitivity 
accomplished this in a number of strains of different to penicillin. 
lated from blood cultures showed increasing resistance and oxytetracycline in every instance and between 
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Complete crossresistance between erythromycin and 
in was demonstrated by many workers. 
148,149,487 
*°6 studied the crossresistance patterns 
of several species of organisms to a large number of 
antibiotics, using a gradient plate technic that he 
devised.*** When strains of Esch. coli were made re- 
sistant to 15 antibiotics,*** the resulting crossresistance 
patterns fell into 4 groups. In Group 1, strains re- 
sistant to streptothricin, viomycin, vinactin, catenulin 
and neomycin showed crossresistance with each other 
and were also resistant to the streptomycins, but the 
inverse relation did not hold. There was also cross- 


ramphenicol were closely related; 
tropsin were less closely related. In come poly- 
myxin B and circulin showed crossresistance, and bac- 
teria resistant to these 2 also showed one-way cross- 
resistance to some of the Group 1 antibiotics. Group 
4 contained only bacitracin. Collateral sensitivity — 
that is, 100-fold increase in sensitivity to polymyxin B 
— occurred in one of the strains simultaneously with 
a 300-fold increase in resistance to chloramphenicol. 

A similar study was carried out with Staph. aureus 
and 34 antibacterial drugs.*** Of those in common use 
or generally available, polymyxin B, neomycin and 
viomycin showed crossresistance to each other and 
also to the streptomycins. Oxytetracycline and chlor- 
tetracycline formed a second group with complete 
crossresistance. Some poorly growing, penicillin-de- 
pendent staphylococci and partially chloramphenicol- 
dependent strains were also isolated in this study. 

Myco. ranae was studied with 28 antimycobacterial 
agents,°*> many of which were not of clinical im- 
portance. Among the available ones polymyxin B, 
viomycin, neomycin and streptomycin were placed in 
one group, but in this group Myco. ranae exhibited a 
higher degree of selectivity than other organisms. In 
Group 2 were chlortetracycline and oxytetracycline. In 
Group 3, chloramphenicol and bacitracin showed 
crossresistance, and penicillin showed low and not 
significant degrees of crossresistance with others of 
this group. Isoniazid and iproniazid were also in a 
separate 


group. 

Patterns of crossresistance were also studied for a 
spore former, B. megaterium,®** 44 antimicrobial 
drugs being used. The only important groupings 
among the clinically useful ones that evolved were as 
follows: the streptomycins, neomycin, viomycin and 
polymyxin G; and the 3 tetracyclines and, to a lesser 
extent, erythromycin and carbomycin. These studies, 
in general, confirmed those of others carried out with 
other technics, except for some of the findings with 
Myco. ranae and some others that were aberrant. 
They also confirmed the variable results depending on 
the strains used as well as among the different anti- 
biotics. In general, crossresistance has been found to 
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be most complete and most regular between anti- 

biotics that are closely related in chemical structure*™* 

but it may depend on similar metabolic properties 

related to chemically different fractions that are not 

pocay: predictable but have generally been worked 
out only retrospectively.*** 


Antibiotic Combinations and Resistance 


The effect of combinations of antimicrobial agents 
on the rate of emergence of resistant tubercle bacilli 
has already been considered in an earlier section. The 
effect of exposure of other bacteria to combinations 
of antibiotics on the resistance to each agent and to 
the combinations has also been studied by some work- 
ers. 

Kaipainen®*® found that in vitro the development 
of increases in resistance of gram-negative bacilli to 

ine and oxytetracycline resulting from 
exposures to these agents may be accompanied by a 
decrease in resistance to dihydrostreptomycin, and, 
conversely, increasing resistance to dih 
mycin may slightly lower the resistance to the other 3 
antibiotics. Using combinations of dihydrostreptomy- 
cin with each of those 3 antibiotics, he demonstrated 
at least partial inhibition of the increase of resistance 
of Esch. coli with all combinations. The mu- 
tual concentrations of the components in the combina- 
tion were essential to achieve this effect. 

In the study by Monnier et al.,5*? cited above, all 
the various combinations, in pairs, of the antibiotics 
they investigated failed to reveal any antagonism, and 
the effect of each was independent of the other in 
only 2 strains. In the majority of cases, the pairs of 
antibiotics used together were either additive or 
slightly synergistic in their action and this varied with 
the strain and with the combination of agents. Com- 
binations containing penicillin diminished the risk of 
acquiring resistance to the individual components of 
the pair. In strains of staphylococci that produce 
penicillinase, they noted an appreciable but transient 
increase in sensitivity to penicillin. Combinations of 
chlortetracycline, oxytetracycline and streptomycin 
did not depress or delay the appearance of resistance, 
but the first 2 of these agents, used together, caused 
an apparent increase in the risk of developing resist- 
ance to these agents, associated with crossresistance 
between them. Chabbert and Véron**' found erythro- 
mycin and bacitracin to be the most effective bacteri- 
cidal combination against “polyresistant” staphylococ- 
ci; penicillin combined with bacitracin and penicillin 
together with erythromycin were also bactericidal for 
such staphylococci. 

Stenderup*™ noted that the development of resist- 
ance to streptomycin could be delayed by sulfathia- 
zole and that sensitivity to streptomycin could be in- 
creased by growth in subinhibitory concentrations of 
sulfathiazole. 

The use of combinations of agents to delay emer- 
gence and depress the degree of resistance to indi- 


resistance and crossdependence between streptomycin, 
dihydrostreptomycin and hydroxystreptomycin. In 
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vidual agents in vitro was studied by another group of 
Combinations of 

with either or streptomycin were found to 
be effective for this purpose although occasional 
strains of staphylococci acquired moderate resistance 
to one or both of these agents while exposed to the 
pair.*** Resistance to the same mixtures of antibiot- 
ics to which the i 
creased, but less than that to the individual com- 


_ ponents.***-547.563 Tt was necessary that the strain be 


susceptible to both constituents of the pair to achieve 
any favorable effect since the presence of even a large 
concentration of penicillin did not delay or depress 
the resistance to streptomycin or erythromycin result- 
ing from exposure of staphylococci that were original- 
ly highly resistant to penicillin.** When resistance 
increased to one of a pair of antibiotics appreciably 
more than to the other, the resistance to the pair cor- 
more closely to that of the antibiotic that 
produced the smaller 546547 Strains of Esch. 
coli exposed to pairs of antibiotics also generally de- 
veloped resistance more slowly and to a lesser degree 
than when strains were exposed to the same antibiot- 
ics individually, but there were variations related 
both to the strains and to the antibiotics used.**’ 
The effect of antibiotic combinations in depressing 
the rate of emergence of resistant variants is i 
on a genetic basis on the theory that the combined 
drugs should select doubly resistant mutants that arise 
with a frequency determined by the product of the 
single mutation rates.’ The exceptions are also based 
on other genetic principles that explain why multiple 
chemotherapy is not always helpful or may be only 
partially effective.’ Combinations of antibiotics have 
been widely used clinically for infections other than 
tuberculosis chiefly for their additive or possibly syner- 
gistic effects and particularly in staphylococcal infec- 
tions. There are as yet no reports of controlled studies 
from which the effect of such antibiotics on emergence 
of resistance can be evaluated. 


SuMMARY AND CONCLUSIONS 


An attempt has been made in this review to gather 
some of the available evidence for changes in resist- 
ance of bacteria resulting from administration of 
antibiotics and for the significance of those changes. 
The data concern chiefly the uses of antimicrobial 
agents for the therapy and prophylaxis of disease in 
human beings and for their growth-promoting effects 
in animals. 

The data in human subjects relate both to changes 
in the susceptibility of certain originally sensitive 
pathogens and to changes in the microflora within the 
original host, and also concern the dissemination of 
resistant organisms during widespread usage 

Differences in susceptibility of aaah’ appear 
to be related to particular species or types; this was 
clearly demonstrated for Streptococcus pyogenes, 
Types 17 and 19, which were resistant to sulfadia- 
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zine and accounted for epidemics during widespread 
use of sulfonamide prophylaxis. There was no evi- 
dence for resistance acquired either to sulfonamides or 
to any antibiotics in originally sensitive strains of Str. 
pyogenes. In the Str. viridans group and among en- 
terococci there has been no change in the range of re- 
sistance even during prolonged treatment or prophy- 


were exposed also-in-—-laxis--with- antibiotics, although the proportion of 


strains in the less susceptible end of the normal range 
may increase. Resistant strains developing in origi- 
nally susceptible ones have been remarkably infre- 
quent except in cases of bacterial endocarditis treated 
with erythromycin. 


Micrococcus aureus has been the most troublesome. 


agents, with concomitant loss of effect from such 
therapy. There is no substantiated evidence of any 
increased resistance to penicillin or other antibiotics 
among strains of gonococci in spite of the extensive 
use of these agents. Penicillin-resistant or sulfona- 
mide-resistant strains of N. meningitidis likewise have 
not been encountered. 

Strains of salmonella or of brucella have, with rare 
exception, not been noted to increase in resistance dur- 
ing prolonged treatment with any antibiotic including 
streptomycin. 

Changes in flora of the urinary tracts of patients 
with chronic and complicated infections, with replace- 
ment of sensitive by resistant species, have followed 
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have indicated a marked increase in the incidence and 
spread of pathogenic, penicillinase-producing and 
penicillin-resistant strains that have also become in- 
creasingly resistant to all antibiotics that have been 
extensively used. The evidence suggests, however, 
that only for erythromycin has the increase in resist- 
ance of originally sensitive strains within the original 
host during treatment been frequent. The spread of 
resistant strains of M. aureus constitutes an important 
health problem. The incidence of resistant strains of 
M. aureus to any antibiotic appears to be related to 
the frequency and intensity with which it is used. 

Mycobacterium tuberculosis is probably the only 
other organism in which resistance developing within 
the original host can be frequently demonstrated. 
This has occurred with each of the 3 principal anti- 
tuberculous drugs, streptomycin, para-aminosalicylic 
acid and isoniazid. The development of resistance 
has been delayed and depressed but not prevented by 
the use of combinations of effective agents in proper 
dosage regimens. Resistant strains in previously un- 
treated patients are appearing; at present they do not 
constitute a serious problem but prolonged and ex- 
tensive domiciliary and ambulatory treatment in 
chronic cases, with persistent organisms, may consti- 
tute a public-health hazard. 

Ihe evidence regarding Neisseria gonorrhoeae indi- 
cates that sulfonamide-sensitive strains were sup- 
pressed while sulfonamide-resistant strains increased 
in prevalence during the widespread use of these 


treatment with various antimicrobial agents. Only 
during treatment with streptomycin 


In the respiratory tract, also, the continued use of 
various antibiotics, either in large doses 
cally or in smaller doses prophylactically, has resulted 
in the substitution of a flora resistant to the antimi- 


been responsible for serious disease. 


doses are involved, when compared with those used 
in human subjects, their use is accompanied by vary- 
ing changes in the intestinal flora, depending on many 
factors, such as the different animals employed and 
the diets and antibiotics studied. The total bacterial 


frequently be increased above the levels found in con- 
trol animals. The species that persist and increase 
are inantly resistant to the antibiotics being 
fed. The residual flora, however, appears to have a 
favorable effect on the nutrition of the animals. In 
contrast to the human experience, disease-producing 
strains have not been found to emerge among the 
types of animals that are raised primarily for market 


Pe. + 


on i ted feeds. Pathogenic organ- 
isms, however, have been observed to become promi- 
nent and apparently injurious in mice treated orally 
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with streptomycin and in guinea pigs fed chlortetra- 
cycline, but larger amounts of these antibiotics had 
been used as compared with those added to feeds for 
growth-promoting effects. 

The literature dealing with some of the biologic 
and biochemical properties of organisms made resist- 
sensitive strains has been reviewed. These differences 
vary with the species and with the antibiotic, and 

y, however, the sensitive and resistant strains are 
after they have been 
subcultured without the relevant antibiotic. Only in 
M. aureus isolated from infectious lesions have peni- 
penicillin-inactivating substance 
from originally sensitive ones by subcultures in peni- 
cillin in vitro. 


may accompany the development of increased resist- 
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y sensitive strains been frequently 

crobial agents that are used. Smail doses of penicillin, 

as used in the prophylaxis of streptococcal infections 

or when incorporated in dentifrices, have not signifi- 

cantly changed the flora or the range of susceptibility 

of the usual organisms encountered, although the pro- 

portion of strains in the less susceptible part of the 

normal range have increased at the expense of the 

less susceptible ones. When broad-spectrum or multi- 

ple antibiotics are used, a more resistant type of flora, 

including proteus, pseudomonas, resistant staphylo- 

cocci and fungi, may emerge and may result in super- 

infections with such organisms. bssresistance between anuibiouics fas Deen mos 

In the intestinal flora of human beings, studies have clearly and most regularly demonstrated in those that 

aration of patients for surgery of the bowel, using ¢xceptions in which such structural relations are not 

large doses of poorly absorbed sulfonamides or anti- evident. Increases in sensitivity to heterologous agents 

biotics, or combinations of both, coupled with me- cep mmamumecaupmapuiie 

chanical cleansing and purging. These procedures ance resulting Irom repeated subcu in anti- 

have resulted in various degrees of lowering of the _ biotics. pa 

total aerobic counts, particularly the coliform organ- The use of combinations of antibacterial substances 

isms. This, however, has been temporary, and the to delay and depress the emergence of resistance in 

total counts have returned to the original or higher vitro has been demonstrated in various organisms and 

levels in a few days even during continued adminis- with a number of antimicrobial agents. Only for 

tration of the antimicrobials. The resulting flora of Myco. tuberculosis, however, has this been clearly 

the bowel is then resistant to the agents used, and demonstrated to occur in vivo during prolonged 

pathogenic strains may become established, either in therapy. 

the bowel or elsewhere. Proteus, pseudomonas, aero- 

bacter, M. aureus and various yeasts and fungi may 

The data in animals relate primarily to changes in 

the microflora of the intestinal tract during antibiotic 

supplementation of the feed. Although much smaller 

16. faphytococ sistant to hive antimiotics. 

counts, however, are generally not reduced, except 479. _ idy G. Induction a streptomycin re- 

temporarily during the first few days, and may then influenzae. 
481. desoxyribonucleic 

op. Edited by Hartman et al. ‘New York: Blakiston, 1994. 


Stade & de souches 
a la Paneur 


1 
610-616, 1954. 

and Vogt, A. B 


Idem. Streptomycinase. Acta path. et microbiol. Scandinav. 29: 


of vitamins 


1952. 

resistant 

L of engine 

of mons’ pe Am. Rev. Tuberc. 

71: 785-798, 
“‘Natural”’ and “‘artificial’ 


Chandler, CA. Davidson, V. Z., Long, P. H., and Monnier, 
lin hibition by action of Aurcomycia. 


I. Quantitative sensitisation of penicillin-resistant 
. Lancet 1:674, 1948. 


A Eaton, B. R. of 
strains of Staphylococcus aureus. J. . 


E. 
strain 19). Proc. Soc, Exper. Biol Med 1953. 
ushnick, T., Randles, C Gray, a jJ. M. 
Variants of Escherichia coli, Pseudomonas and 7 
ilis Science 196: 7, 


‘igang, 


ANTIBIOTIC-RESISTANT BACTERIA — FINLAND 


1027 

Y D., and Budd, V. Variant of renee re- 
for growth. J. Bact. $$:459-461, 1948. 

t variants of E. coli. Acta path. et iol. Scandinav. 


Vanderlinde, 
n identification of microorganisms. 


Bact. $6: 357-361 


inste on 
od strains of bacteria. J. Clin. Pavesti- 
A. L., and Sulitzeanu, D. 
and anti tion in volunteers aus i 
i arefuah 4§:1 


ing st in ndent brucellae. 
Gocke, and Finland, M. Development of of 


and chloramphe strain of 
Kis pneumoniae. Proc, Soc. Raper. Biol... Med. 74:824- 


J Je.” Enhancement of growth of srain of = 
Pub. Health Rep. 62: 


Yegian, D., 

Yetie D., Budd, V., and Vanderlinde, R. 

Yegian, D., and Budd, V character of 

myrindependent of J. Bact. :161- 

and Bryon, Genetic studies. on development. of 


Pansy, F Chan, P Pagano, J. F and Donovick,_R. Rela- 
, F. E., Khan, P., , J. F., 

and 

Proc. Soe. Exper. Biol. Med. 1950. 
Ann. exper. et biol. Feanias (Sc (Supp. 1):1 


to either antibiotic. Antibiotics 1: 


, and Fasan, D. M. Cross resistance of strepto- 

eptomyces antibiotics. Science 114:422, 1951. 

to various an 


, C., , Jr., and Evans, E. L Study 
S. Forum (1954) pp. 
Wri . S S., et al. i 


bactéries A l'égard des divers antibiotiques. Rev. d’im- 

1954. 

_and Mayer, R. L. 

ns. Science 1863:674, 

. B. Studies on 

fractions X and G 
endocarditis. 


J and Quer = n. 17: 210, 


resistance to toxic oa I. Cross resi 

to fifteen antibiotics. J. Bact. 64:489-499, 1 

Szybalski, W. Genetic studies on mi resistance to toxic 

agents. II. Cross-resistance of Micrococcus var. aureus 
rty-four antimicrobial Antibiotics Chemother. 3: 

1095-1103, 1953. 

i, W., and Bryson, on microbial cross- 
resistance to toxic agents. III, Cross resistance of Af ‘ 
ranae to twenty-eight an Am, Rev. Tuberc. 

7-279, 1954. 

i, W. Genetic studies on microbial resistance to 

toxic agents. IV. Cross- of Bacillus me i forty- 
antimicrobial drugs. Applied Microbiol. 2:57-63, 1954 
Idem. Gradient wig * technique for study of i 


116: 46-48 


¥ P. gel antibiotics of clinical importance. Am. 
M. Introductory 
and 
"679.685, 


remarks on current status of anti- 
outlook for future developments. Am, J. Med. 


Vol. 253 No. 23 
486. i, ni 526. 
Beljanski 
mais sensit 953. 527. 
528. 
nd content of b a. J. Bact. 6:140-146, 1955. 529. 
one, W. S., Wyss, O., and Haas, F. Production of mutations in 
aphylococcus aureus by irradiation of substrate. Proc. Nat. 
ad. Sc. 33:59-66, 1947. 530. 
, A. K., Eagle, H., and Toal, J. N. Effect of ultraviolet ir- 
tiation on development of resistance of bacteria to antibiotics. 
Bact, 63:513-52%3, 1952. 531 
balski, W. ‘“‘Lamarckian’’ inheritance of streptomycin re- 
tance. Antibiotics Annual 1954-55. Pp. 174-177. 
hz, A. K., and Eagle, H. Loss of resistance P in- 
ed by susceptible organisms. Bact. Proc., 1952. P. 120. 532. 
le, O. E., and Frost, B. = i 
phylococci to penicillin. Proc, Soc. 
and Kempe C. H. Resi streptomycin: 533 
° +» @ & ° esistance to n: 
of mechanisms in its development. J. Immunol. $7: 272, ev. c. 64:192- 
47. 534. Lenert, T. F., and obby, G. L,  Streptomycin-dependent strains 
pine, T. F., Jr., and Finland, M. Observations on bacteria of Mycobacterium tuberculosis. Am. Rev. Tuberc. $9:219, 1949. 
sitive to, resistant to, and dependent upon streptomycin. J. 535. 
t. $6:207-218, 1948. 
536. 
ennesland, K., Ebert, R. H., and Bloch, R. G. Demonstration >” 
resistant variants in human 
in of le bactilus He37Ry. 538 
erson, A., and Pope, H. pm ' 
d amino acids by Mycobacteri 
539. 
540. 
hylococci. (Mi ). Antibiotics 
y 1 wcrococcus pyogenes var. aureus). wcs 
Chemother. 3.915.918. 1953. 
503. Roy, A. F., and Lankford, C. E. Selection of penicillinase pro- 541. Fusillo, M. H., and Romansky, M. J. Simultaneous increase in 
ducing staphylococci. Bact. Proc., 1954. P. 41. resista ex- 
, M. R. Stages in enzyme ion. In Abraham, E. P. fa 07-109, 
542. Gezon, H 
cocci to fi 
343. Monnier, 
microorga 
each of these agents. Antibiotics @ Chemother. 1:472-486, 1951. 
544. Geshe, on get Cross-resistance to antibiotics. 
507. Murray, R., Wilcox, C., and Finland, M. Persistence of strepto- 545, 
Proc. Soc. Biol. @ Med. 133-137, 7. 
508. Miller, C. P., and Bohnhoff, M. Two SS 
variants of meningococcus. d. Bact. $4:467-481, 1947. = 
of penicillin. Proc. Soc. Exper. Biol. Med. penicillin, streptomycin, erythromycin, Terramycin end 
510. Youmans, G. P., Williston, E. H., and Simon, M. Production ond pale. © 
Proc’ Soc, Exper, Biol! Med, $8.36. 1945" of 547. Wright, $. S., et al. Antibiotic combinations and resistance; re- 
511. Weinstein, L., and Tsao, C. C. L. In vitro development of tem- lees, of E. coli ba te singly and in pairs. Proc. Soc. 
nicillin resistance in pyogenes. Proc. Soc. xper. Biol. @ Med. 88:128-133, 1954. 
Exper. Biol. & Med. 66.598-602, 1947. 348. 
512. McKee, C. M., and Houck, CG. L. Induced resistance to peni- ~ 
cillin of cultures of staphylococci, pneumococci and streptococci. 49. 
Proc. Soc. Exper. Biol. @ Med. $3:33, 1943. 
513. Miller, C. P., and Bohnhoff, M. Studies on action of penicillin. 
V. Virulence of penicillin resistant strains of meningococcus. Proc. 550. 
Soc. Exper. Biol. @ Med. G@:356, 1945. 
514. Voureka, A. Sensitisation of penicillin-resistant bacteria. Lancet 55}. 
1:62-65, 1948. 
s »coccus Chin. I 
resistant bacteria. Lancet 1:885, 1948. staphylococque 
517. Fairbrother, R. W., 1953. 
Microbiol, 16: 309-316 . 553. Szvbalski. W.. and Bryson, V. Genetic studies on microbial cross 
518. Miller, C. P., and Bohnhoff, M. Sueptemycio resistance of 
gonecocci and meningococci. J.4.M.A. 138:485-488, 1946. 
519. Idem. Development of + Stee variants of men- = 
ingococci. Science 10$:620, 1947. 
520. Paine, T. F., and Finland, M. Serepeoms in-sensitive, dependent 
and resistant bacteria. Science 167: 143, 1948. 
521. Rake, G. Streptomycin as essential nutrilite. Proc. Soc. Exper. 55: 
Biol. @ Med. 67:249-253, 1948. 
522. Alexander, H. E., and G. of 
resistance to streptomycin in five ies of gram tive ili. 
Pediatrics 4214-321, 1949. 556. 
523 
524 
525 


1028 

560. Kaipainen, W. J. Effect of antibiotic 
resistance. Ann. a exper. et biol. Fenniae “61-71, 1 

sur nts: 

Inst. Pasteur 88:656-669, 1955. 

562. A. Combined action of in and 
—" coli, Acta path. et mi iol. Scandinav. 34:174-181, 


THE NEW ENGLAND JOURNAL OF MEDICINE 


1953. 


564. Finland, M.. and Wilcox, C. ic combinations and resist- 
ance to antibiotics: 
cillin 1953, I roc, Exper 3 


ACUTE SUPPURATIVE PAROTITIS* 
Report of Two Cases 


Lr. Coronet Epwin J. M.C., U.S.A.,¢ 
AND Major M. Keeinoc, M.C., U.S.A.f 


HONOLULU, HAWAII 


—_ suppurative parotitis is no longer com- 
monly encountered in surgical practice. Gustaf- 
son’ found 5 cases in a three-year period (1947-1950) 
at the University Hospitals, University of Michigan. 
The opportunity to observe and treat 2 cases within a 
year in two widely separated hospitals has prompted 
this report. 


Case Reports 


Case 1. On March 26, 1954, a 38-year-old man in Wal- 
ital underwent pancreaticoduodenal re- 


and the A. were resistant the clines and 
streptomycin but sensitive to chloramphenicol. e y- 
lococci and streptococci were penicillin resistant but ——. 
mycin sensitive. On the 25th “eng gerne day severe ab- 
i distress with nausea but no vomiting developed. 
Serum amylase determinations revealed no elevations. Serum 
sodium and blood sugar levels were not remarkable. 
white-cell counts varied between 38,000 and 18,000, and 
ture between 100 and 102°F. There was no evi- 
pleural effusion, and excretory urograms were nor- 
mal. Gastric suction and intravenous infusions of fluids af- 
forded relief of symptoms, and, after 3 days, a liquid diet 
29th ive da itis developed on the 
e y parotitis on 
involvement on the left 24 hours later. 
naso- 


A small 
was i which he was 


had appeared 5 days earlier. 
mouth was mn, and the abscess, now nting, was 
drained. Cc grew positive taph. aureus, 


Purulen | from the left ear. He 
was admitted to the hospital on 8, 10 days after the 
onset of symptoms € was seen in consultation 2 days 


lcm. There was no itis. 
The tem ture was 102°F. The white-cell count was 
37,000, with 88 per cent neu i irati a 


pirates revealed heavy growth of hemolytic 
itive Staph. aureus, resistant to penicillin and the tetracy- 


the 5th day, after iration and withdrawal of the needle 
from the left parotid 

needle a e hemostat. The 
mass meas cm. Histologic examination 
showed almost completely necrotic fibroadipose tissue in- 
filtrated with degenerating inflammatory cells and con- 
taining numerous colonies of micrococci; the outer edge 
of the section could identified as parotid gland. 
On the following day a similar but smaller mass of necrotic 


continued for the next 5 days. At the same time he re- 
MEDICAL INTELLIGENCE ceived a course of 9 x-ray treatments amounting to 500 r 
to the right and 400 r to the left parotid gland. Radiation 
was well tolerated. Subjective improvement was notable 
a ee after 2 days of these treatments, and by the 5th day the 
patient was afebrile. The swelling and induration 
' disappeared. Fluctuation did not occur, and no cultures 
were ever obtained. Coincidentally, drainage from the ab- 
dominal wound ceased. The subsequent course was un- 
eventful. 
Case 2. A 23-year-old man was admitted to Tripler Army 
given 8 gm. of tetracycli 
had ceased, evidence of infection had all but disappeared, 
ee and he was discharged. He stated that about 2 days later 
he noted pain in the left temporomandibular area, which 
increased in severity. After another 2 days he consulted a 
physician, who diagnosed the condition as mumps, and pre- 
scribed aspirin and codeine and gave daily “Py of 
cortisone (amount unknown). Over the next 5 days the 
condition worsened, and the swelling and pain became bi- 
er, when a diagnosis paroti- 
tis was made, on the basis of the local findings of swollen, 
hot, fluctuant and indurated tender masses over both parotid 
pS areas (the left more than the right) and the presence of 
purulent discharge in both ear canals. There was so much 
te 
section for carcinoma of the ampulla of Vater. Oxytetra- 
cycline was given for prophylaxis against postoperative in- 
fection. On the ll oe ge eng day moderate serous 1 -gauge n e x 25 cc. of om from the left, and 5 
drainage from a lat stab drain wound was noted, in- cc. of pus from the right parotid gland. On the basis that 
creasing as the diet was liberalized and excoriating the sur- the prior mammary-gland infection was due to penicillin- 
rounding skin. Suction apparatus at the drainage site was_ resistant and tetracycline-resistant staphylococci, chloram- 
installed, and the patient was given methantheline (Ban- phenicol therapy was begun, in a dosage of 0.5 gm. every 
thine) and less frequent feedings. The condition of the 6 hours, together with a liquid dental diet. In addition, 
skin improved, and, although the drainage gradually de- after each aspiration, chioramphenicel (0.5 gm. dissolved in 
creased in amount it became thick and purulent. Cultures 50 per cent solution of N; N-Dimethylacetanide) was in- 
yielded hemolytic Staphylococcus aureus, alpha-hemolytic  stilled into each side in a dosage of 125 or 150 mg. As- 
streptococci_and Aerobacter aerogenes. The staphylococci _pirations from the left parotid gland yielded 25, 15, 35, 10 
and 5 cc. on the next succeeding days, with an average of 
6 cc. each day from the right parotid gland. Rapid sympto- 
matic improvement followed, and the temperature was with- 
in normal limits after 48 hours of therapy. The white-cell 
count was 19,300 3 days later, falling to 7500 in another 
6 days. He tolerated a soft diet on the 6th day of treat- 
ment and was advanced to a regular diet 4 days later. 
Chloramphenicol by mouth was discontinued on the 15th 
day. No untoward reactions were noted. 
Blood cultures yielded no th. Cultures of the as- 
clines but sensitive to chloramphenicol and e n. On 
gastric feeding tube 
given erythromycin, mg., every ours, which was 
*From the Department of Surgery, Tripler Army Hospital. 
+Assistant chief, ig ph of Surgery, and chief, General Surgical 
Service, Tripler Army > 
§Senior resident in surgery, Tripler Army Hospital. 


parotid gland. Thereafter, the aspirates became 
purulent and then serosanguineous, and 3 successive cultures 
yielded no growth. Drainage from the ears by 
this time. Complete subsidence followed 
Discussion 
These patients had in common staphyl 


receiving parotitis 


phenicol 
unsightly scars, possible salivary fistula and trouble- 


studied, and that this activity continued to be demon- 
strated for six hours or longer. 


Whereas embolic infection of the parotid gland 
may occur, most commonly the infection ascends from 
the oropharynx via Stensen’s duct. Jackson et al.° 
noted in patients treated with oxytetracycline for 
pneumonia that staphylococci rapidly and frequently 
emerged in the sputum and that almost all of them 
were highly resistant to this antibiotic. Assuming that 
a similar conversion of oral flora attended oxytetra- 
cycline therapy in the 2 cases reported above, infec- 
tion via Stensen’s duct can be postulated. 

Acute secondary parotitis is uncommon, and when 
it does occur, Staph. aureus is the organism most fre- 
quently found.’* In the light of increasing numbers 
of staphylococcal infections resistant to the commonly 
used antibiotics being encountered in hospitals,’ spe- 
cific therapy with chloramphenicol or pict odin. 
for suppurative parotitis seems warranted. Choice of 
therapy should be supported by bacteriologic studies 
whenever possible. 


SUMMARY 


Two cases of bilateral acute secondary parotitis are 
reported. Early treatment with erythromycin and 
irradiation culminated in resolution of the infection 
in 1 case before the formation of abscesses. In the 
other case, treated late, massive destruction of the 
gland had already occurred. Resolution followed daily 
aspirations and chloramphenicol therapy. 


Penicillin 


. antibi ti in 
, Research 32:287-293, 1953. 
of antibiotics in human saliva. III. 
esearch 32:435-439, 
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tissue was removed through the needle hole from the right 
1 and on an areolar abscess in the right breast in Case 
2. A tetracycline antibiotic was given adjunctively to 
both. The staphylococci from both lesions were found 
to be resistant in vitro to the tetracycline antibiotics. 
In Case 1 the parotitis responded to erythromycin 
and x-ray therapy, and abscess formation did not 
occur. Although no cultures were obtained from the 
parotid lesion it can be assumed that the infection was 
caused by the same tetracycline-resistant staphylococci 
harbored in the pancreatic fistula since the patient 
had been 
developed. The organisms recovered from the parotid | 
glands in Case 2 had the same antibiotic-sensitivity 
spectrum as the staphylococci recovered from the 
lesion of the prior mastitis. Specific (chlorampheni- 
col) therapy was not initiated until the lesion had 
extended through the fascial layers of the gland 
through the external meatuses and extensive tissue 
necrosis had occurred. Cultures were positive for 
staphylococci until one day after removal of seques- 
trated necrotic parotid tissue. Repeated aspirations 
REFERENCES 
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CASE 41491 
PRESENTATION OF CaAsE 


First admission. A thirty-eight-year-old woman had 
a radical mastectomy for an undifferentiated carci- 
noma of the right breast that had metastasized to the 
axillary lymph nodes. X-ray examination of the chest 
showed an area of calcification in the apex of the 
right lung. A blood Hinton test was negative. 

Second admission (eighteen years later). 
eratively, the patient received 1600 r to the pelvis for 
sterilization and 3300 r to the right portion of the 
chest and axilla. On periodic visits to the tumor clinic 
over the next eighteen years she was found to be es- 
sentially well. A roentgenogram of the chest five years 
before admission showed a slightly mottled area of 
increased density with small flecks of calcification in 
the right apex. There was also a slight strandlike in- 
crease in density in the anterior segment of the right 
upper lobe suggesting postirradiation pneumonitis. A 
sputum examination done outside the hospital in the 
year before admission was reported as being positive 
for acid-fast bacilli. Three months before admission 
the patient noted the onset of intermittent right parie- 
tal and occipital headaches occasionally associated 
with “flashing lights.” The headaches were made 
worse by coughing and sneezing and increased pro- 
gressively in severity. Three weeks before admission 
she began to drop things. Others noticed that she 
began to stagger while walking. Two days before en- 
try, she was unable to dress herself upon arising and 
had to call a neighbor for assistance. From that time 
to the time of admission her attention was 


brief, and she was unable to do anything involving 
the use of the left hand. 

Physical examination revealed absence of the right 
breast and pigmentation and telangiectasia of the wall 
of the right upper portion of the chest. No lymph 
nodes were palpable. The aortic second sound was 
greater than the pulmonic. There were no murmurs 
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or cardiac enlargement. There was dullness over the 
right posterior portion of the chest near the apex. No 
rales were heard. There was a right-dorsal, left-lum- 
bar scoliosis. The liver and spleen were not felt. The 
patient was alert, but was unable to concentrate on 
simple tasks. With simultaneous stimuli there was at- 
tention hemianopsia on the left. There was no papil- 
ledema or limitation of extraocular movements. The 
corneal reflex was questionably less active on the left. 
Cranial nerves were otherwise intact. Motor exami- 
nation showed impairment of skilled movements on 
the left. Sensory examination disclosed decreased per- 
ception of vibration and position sense over the entire 
left half of the body. Simultaneous pin and touch 
stimuli on both sides of the body disclosed extinction 
of stimulus on the left side. Reflexes were equal and 
active, with an equivocal plantar response on the left 
and a flexor response on the right. 

The temperature was 99°F., the pulse 80, and the 
respirations 16. The blood pressure was 120 systolic, 
70 diastolic. 

Urinalysis was negative. Examination of the blood 
revealed a hemoglobin of 11.8 gm. per 100 cc. and a 
white-cell count of 10,900, with 53 per cent neutro- 
phils, 40 per cent lymphocytes, 3 per cent monocytes 
and 3 per cent eosinophils. The fasting blood sugar 
was 117 mg., the nonprotein nitrogen 28 mg., the 
protein 6.7 gm., with an albumin globulin ratio of 2.3, 
the cholesterol 217 mg., the calcium 9.2 mg., and the 

3.8 mg. per 100 cc. The prothrombin 
time was 16 seconds (normal, 13 seconds). An elec- 
trocardiogram appeared to be within normal limits. 
A skull film and metastatic series were normal. An 
x-ray film of the chest showed no appreciable change 
from the film taken five years previously. Acid-fast 
smears of the sputum were negative. Lumbar punc- 
ture revealed an initial cerebrospinal-fluid pressure 
equivalent to 142 mm. and a final pressure equivalent 
to 68 mm. of water. The fluid was clear and colorless 
and free of cells. The protein was 47 mg. per 100 cc., 
the gold-sol curve 0111210000, and the chloride p< 
milliequiv. per liter. An electr hal 
definite abnormality on the right, with occasional slow 
waves in all right temporal and parietal leads. A 
radioactive-arsenic scan of the brain was suggestive 
of a concentration in the left posterior temporal re- 
gion and in the right parieto-occipi ital region. 

The patient’s illness stabilized, and she was dis- 
charged on the eighth hospital day to be followed in 
the Out Patient Department. 

Final admission (two months later). After dis- 
charge the patient initially showed considerable im- 
provement in co-ordination of movements and was 
able to do most of her housework. Two weeks before 
admission she complained of persistent left-sided head- 
aches and a cough productive of blood-flecked spu- 
tum. The neurologic examination in the Out Patient 
Department was now negative, however. Two days 
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before entry, on arising, she was unable to support 
herself, showing primarily left-sided weakness. She 
was also confused. 

The general physical examination was the same as 
on the previous admission except for the presence of 
a snapping aortic second sound and a Grade 1, rough, 
late diastolic murmur in the aortic area. Neurologic 
examination revealed a confused, drowsy woman. 
There was left-sided homonymous hemianopsia. There 
was weakness in the distribution of the left fifth and 
seventh cranial nerves, and the tongue deviated 


1. 


Anteroposterior View of the Chest, roam a 
Large 


Zone of Increased Density within the Right Upper 
Lobe Having Poorly Defined Peripheral Margins. 


slightly to the left. Co-ordinated movements were 
poor in the left arm; however, the arm muscles ap- 
peared strong. The left leg was weak. There was a 
sensory deficit of the left half of the body. The left 
knee jerk was hyperactive; both ankle jerks were 
equivocal, and plantar flexor. 

The temperature was 99.8°F., the pulse 100, and 
the respirations 24. The blood pressure was 125 sys- 
tolic, 60 diastolic. 

Urinalysis showed a + test for albumin and 2 red 
cells and occasional white cells per high-power field 
in the sediment. Examination of the blood revealed 
a hemoglobin of 11.8 gm. per 100 cc. and a white- 
cell count of 14,800, with 51 per cent neutrophils, 16 
per cent band forms, 22 per cent lymphocytes, 9 per 
cent monocytes and 2 per cent eosinophils. The pro- 
thrombin time was 14.5 seconds (normal, 13 seconds). 
The sedimentation rate was 20 mm. in one hour. An 
electrocardiogram showed a sinus tachycardia of 106 
and transition complexes in all precordial leads. A 
roentgenogram of the chest demonstrated that the 
area of density noted before had increased consider- 
ably since the last observation and that there was ex- 
tensive calcification of the ascending aorta (Fig. 1). 
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On the second hospital day the patient was given 
900 mg. of Tromexan and 200 mg. of Dicumarol. 
Lumbar puncture on the fourth day revealed a cere- 
brospinal-fluid pressure equivalent to 85 mm. of water 
neutrophil per cubic millimeter of fluid. The Pandy 
test was + +, the total protein 44 mg. and the sugar 
77 mg. per 100 cc., and the gold-sol curve 0001 100000. 
Later in the same day the patient was found to have 
a complete left-sided flaccid paralysis. The prothrom- 
bin time was now less than 10 per cent. For two days 
she had been coughing up small amounts of bloody 
sputum. On the eighth day, a few minutes after she 
had appeared unchanged, she was found to be unre- 
sponsive, with Cheyne-Stokes respiration. She now 
had exaggeration of reflexes and an extensor plantar 
response on the left. Within hours right-sided facial 
weakness was apparent, and there was an extensor 
plantar response on the right. The prothrombin time 
was 18 per cent. On the ninth day a lumbar punc- 
ture showed an initial cerebrospinal-fluid pressure 
equivalent to 110 mm. of water and xanthochromic 
fluid, with 850 fresh red cells per cubic millimeter in 
the third specimen. The Pandy test was ++. On 
the eleventh day the neurologic status was unchanged ; 
however, the temperature was now 101.5°F., and the 
white-cell count 33,700. On the next day the aortic 
diastolic murmur was reported to have changed over- 
night from Grade 1 to Grade 3. On the thirteenth 
hospital day the temperature was 104°F. There were 
occasional clonic convulsions of the left arm and leg. 
Urine culture showed no growth. Achromycin was 
started. The patient died on the fourteenth hospi- 
tal day. 


DiaGNosis 


Dr. ALFreD Kranes*: We are confronted with a 
patient having disturbances of three organs: the 
brain, the lungs and the heart. It is my job to try to 
elucidate what these abnormalities were and to deter- 
mine whether they may have been related. In the 

is the shadow of undifferentiated carci- 
noma of the breast with axillary metastases, removed 
eighteen years previously. Of primary interest are the 
cerebral symptoms, for which she entered the hospital 
and which eventually caused her death. I shall not 
try to localize this lesion or lesions precisely because 
I do not feel competent to do it, and because I am 
not sure that an accurate localization would be helpful 
in determining the underlying disease. There are 
three main possibilities — that the cerebral lesions 
were neoplastic, vascular or infectious. I was at first 
tempted to leave out of consideration an infectious 
etiology, but the fact that tubercle bacilli had been 
found in the sputum during the preceding year made 
me wonder whether the cerebral lesion or lesions may 
have been tuberculous in origin. However, further 
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consideration makes that seem so improbable that I 
shall not discuss it further. 

This brings me to a consideration of neoplasm ver- 
sus vascular disease. The onset suggests neoplasm; it 
was gradual, starting with a headache and then with 
slowly increasing disability of the arm and the leg. 
In support of that is the radioactive-arsenic scan indi- 
cating lesions on both sides of the brain. Except for 


py. 

It is implied that the subsequent worsening of her 
condition may have been the result of the anticoagu- 
lant therapy because soon thereafter blood appeared 
in the spinal fluid and her condition grew worse. 


a cerebral infarction cannot be decided on the evi- 
dence available. There is some indication that the 
cerebral lesions may have been bilateral, as shown by 
the right-sided facial weakness terminally as well as 
the extensor plantar reflex on the right. On the whole 
it seems to me that the evidence favors multiple cere- 
brovascular accidents rather than tumor. 

Pulmonary disease is occasionally associated with 
cerebral metastases, either of infectious or of neo- 
plastic origin. 1 wonder what help I can get from 
the x-ray films. We are told that five years before 
the second admission this lesion was first noted, al- 
though nothing was said about whether any films had 
been taken during the previous thirteen years, after 
her operation. 

Dr. Josep HaNne.in: The first films that I have 
were taken thirteen years after operation. 

Dr. Kranes: So that the lesion described five years 
before the second admission may have been present 
for many years before that. 
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Dr. Benjamin CasTLeMAN: Films of the chest 
taken two years after operation for carcinoma of the 
breast were said to give no evidence of metastases. 

Dr. HANELIN: It may have been present for some 
time; however, the changes initially observed are cer- 
tainly not very striking. There are irregular calcifica- 
tions at the apex of the lung and strands of density, 
which radiate from the superior aspect of the right- 
lung root into the upper portion of the lung. The 
calcified areas suggest old tuberculous lesions; the 
dense strands may have resulted from irradi- 
ation and probably represent fibrosis. Four years later, 
before the patient’s admission to the outpatient de- 
partment, the chest is rotated slightly differently, and 
any difference in the appearance of the lungs could 
be explained on that basis. It was pointed out in one 
of the last examinations that calcification was present 
in the ascending aorta. I think it is present five years 
before the second admission. This finding may occur 
not uncommonly with syphilitic aortitis. At the time 
of the final admission I think there had been a dis- 
tinct change in the appearance of the density im- 
an is larger and more homogeneous 

ig 

Dr. Kranes: Was there anything unusual about 
the heart except for the calcified ascending aorta? 

Dr. Hanewin: The heart is only slightly enlarged 
at best. We can see the calcification in the i 
aorta somewhat better later on, and possibly the 
aorta has become more tortuous. 

Dr. Epwarp F. Bianp: Is there any word about 
pulsations? Can you separate the expanding area 
from the aorta? 

Dr. HANELIN: Actually I cannot separate it; it 


with disease in the lung parenchyma. 


were mentioned; either they were not done or they 
were negative. 
Dr. Brann: There were two spinal-fluid exami- 
nations, were there not? 

Dr. Kranes: Nothing was said about the Hinton 
test on either one of those. 


cular origin. Although the illness began gradually, 

two days before she was admitted to the hospital there 

seems to have been a sudden increase in the symp- 

toms to the point where she was unable to dress her- 

self and had to call on a neighbor for assistance. That 

seems to me to indicate a sudden change at that point. 

Furthermore, it is of interest that a woman who was 

unable to dress herself and had to call for assistance 

when examined two days later in the hospital ex- 

hibited only some sensory loss on the left side and 

some inco-ordination in the movement of the left 

arm. This suggests that considerable improvement 

had taken place in the interval, and that is borne out 

by the fact that her symptoms cleared. So although 

the onset was gradual there was a sudden increase in 

the symptoms followed by a rapid improvement. This 

suggests a vascular cause. Certainly, the second epi- 

sode, coming on abruptly and producing almost com- 

plete left-sided hemiplegia and hemianesthesia, with 

a left-sided homonymous hemianopsia, is even more 

suggestive of an occlusion of the right middle cerebral 

artery. I assume that those taking care of her had 

the same opinion because she was given anticoagulant 
OVE =i AC a. Fernaps you are thi y in terms 
of an aneurysm; it does not strike me as being typical 

Whether the cerebral bleeding occurred because of of an aneurysm. I believe we are dealing primarily 

the anticoagulant or whether it was the result of (a 

The other films are normal. A set of films of the 
knees, not discussed in the protocol, were taken twelve 
years before the second admission when she had a 
joint effusion and again two years before the sec- 
ond admission when considerable degenerative joint 
change had developed. I do not know whether this 
woman had syphilis or not. Although it is possible 
that some interference with normal kinetic sensibility 
provoked degenerative changes, the changes are not 
typical of a Charcot joint. 

Dr. Kranes: Syphilis certainly must be considered 
in view of the development of the aortic diastolic 
murmur. One Hinton test was reported negative 
eighteen years before, but no subsequent Hinton tests 
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Dr. Kranes: To return to the lung lesion for a 
moment, unlike the lesions in the heart and the brain, 
this was of much longer duration. It had been pres- 
ent for a minimum of five years and was gradually 
increasing in size, whereas the other lesions had been 
present at the most for months, possibly for only sev- 
eral weeks. Therefore it seems reasonable to believe 
that this may have had no relation to the remainder 
of the picture. I am intrigued by the fact that within 
the year preceding admission, tubercle bacilli were 
found in the sputum. This raises some questions: 
Where were they found, and what was done about 
them? If nothing was done about them, why not? 

Dr. Hanewin: You mentioned the gradual in- 
crease in the lesion of the lung. The only increase that 
I see took place over a three-month span. 

Dr. KRranes: ing to the question of pos- 
sible tuberculosis, if tubercle bacilli were found, what 
were the circumstances of their finding and was the 
patient given any treatment? Nothing was said, and 
I am a little puzzled. 

Dr. CasTLEMAN: Two sputum specimens ex- 
amined at a health center were reported as being posi- 
tive for tubercle bacilli. 

Dr. Kranes: Two sputums were positive? 

Dr. CasTLEMAN: Because of that she was referred 
to the pulmonary clinic. 

Dr. Gerotp She never entered the 

Dr. Kranes: It seems to me that only two possi- 
bilities need to be taken very seriously: one is tumor, 
either primary or metastatic, and the other is chronic 
infection, probably tuberculosis. It would be unusual 
for a metastasis from an undifferentiated carcinoma 
of the breast not to have shown more growth in five 
years than is evident in these films. The same reason- 
ing should hold true of a primary bronchogenic car- 
cinoma. Furthermore, this does not look like tumor. 
Do you agree with that, Dr. Hanelin? 

Dr. HANeELIN: It certainly suggests infection, un- 
less there were a mass in a segmental bronchus with 
peripheral atelectasis and pneumonitis. 

Dr. Kranes: It probably did represent pulmonary 
tuberculosis. It would have been of interest on either 
one of the admissions to have examined the sputum 
cytologically for tumor cells. 

About the heart, I am told that an aortic diastolic 
murmur, rather rough in character, appeared within 
a two-month period and seemed to be increasing in 
intensity throughout the final days in the hospital. 
There was no evidence of any pre-existing heart dis- 
ease — no evidence of any congestive heart failure or 
change in the size or configuration of the heart. From 
the information given I should judge that the electro- 
cardiogram was normal. Do you agree with that, 
Dr. Bland? 

Dr. BLanp: This sounded more dramatic to me. 
One night the murmur was faint — Grade 1; the next 
day it apparently was much more impressive — Grade 
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3. One does not usually confuse a Grade 3 murmur 
with anything else. 

Dr. Oscar E. Starosin: The description of the 
pain and murmurs is probably due to the fact that the 
person who wrote the protocol was not entirely fa- 
miliar with the clinical course. Actually, different ob- 
servers heard the murmur at various intensities dur- 
ing the same day. One person called it Grade 1, and 
the other Grade 3. 

Dr. KRANEsS: So that this observation may have 


cardium could produce an aortic diastolic murmur. 
For the explanation of the murmur I have to turn 
to some process within the heart itself. That would 
have to narrow down to rheumatic heart disease and 
bacterial endocarditis. As for rheumatic heart dis- 
ease, there are occasional cases of mitral stenosis in 
which no typical mitral murmur is heard, but I am 
unwilling to offer such a diagnosis in this patient. 
Bacterial endocarditis, it seems to me, would 


Dr. No. 


slight enlargement of the spleen, petechiae and so on 
are found only when one suspects the diagnosis of 
bacterial endocarditis and looks for them. 
Since the frequency with which petechiae are 
depends on one’s index of suspicion, and since 
blood cultures were taken on this patient, bacterial 
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difference in the intensity of the murmur. In any 
event there seems to be little question that this 
murmur had not been heard before and that it was 
a new development. 

How can one fit all these pieces together? One 
wonders at first whether the whole chain of events 
might not best be explained on the basis of meta- 
static neoplasm either from the breast or from the 
bronchus. But for reasons that I have already in- 
dicated, I doubt if the lesions in the brain and the 
lung can be adequately explained on such a basis. 
Although carcinoma of the breast and bronchus are 
more likely to metastasize to the heart than any other 
type of tumor, they metastasize either to the peri- 
cardium or to the myocardium. It is very rare for 
tumor metastases to be found in the endocardium. 
The few that have been recorded were on either the 
mitral or tricuspid valve. I suppose that if I were 
to make an exhaustive search of the literature, I 
might find a tumor metastasis on the aortic valve, but 
it must be an extremely unusual occurrence. It is 
difficult for me to see how metastases in the myo- 
trouble with it is that there is nothing to support it. 
The patient had no fever. Was there any fever on 
the first admission? 

a. no fever except terminally. 
She had none of the usual concomitants of this disease 
—no petechiae, no splenomegaly and no hematuria 
although there were 2 red cells per high-power field 
in one sample of urine. It should be mentioned that 
endocarditis was probably not very seriously con- 


sidered, and these signs may not have been searched 
for. Another drawback is that the heart was pre- 
viously normal and endocarditis is generally engrafted 
on diseased valves. Yet, in the last few years, more 
and more cases of endocarditis, particularly in middle 
aged and elderly people, with perfectly normal heart 
valves, have been described. I have seen several such 
patients myself, and have been unfortunate enough to 
have been asked to discuss 2, all of whom had 


i hee Would you discuss the normal sedi- 
mentation rate in relation to possible bacterial endo- 
carditis? 

Dr. Kranes: What do you want me to say about 
it? I am unhappy about it, just as you are, and just 


explain this picture. I shall have to let it rest there. 

Dr. BLtanvp: Could you conceivably consider poly- 
arteritis, still leaving out the lung lesion? 

Dr. Kranes: Yes; I think it is conceivable. I had 
thought it over, but because of the lack of time I did 
not discuss it. It seemed to me that endocarditis was 
a better explanation for the chain of events that were 
presented. 

Dr. Jacop Lerman: What did you think the lung 
lesion was? 

Dr. Kranes: I thought it was probably tubercu- 
losis, unrelated to the remainder of the picture. 

Dr. CastLEMAN: What do you think it was, Dr 
Lerman? 

Dr. Lerman: I think carcinoma of the lung is 
more likely than tuberculosis. Did not the x-ray film 
show calcification of the ascending aorta? That 
would raise the possibility of syphilitic aortitis. 

Dr. Kranes: I did not spend much time on that. 
The blood Hinton test was negative eighteen years 

iously, and that was the last one mentioned. 
Syphilitic aortitis is a possibility, but I do not think 
it is a good one. 

Dr. ALLAN L. Friepiicu: Is it possible that the 
murmur that was so variable, and had such a peculiar 
quality, was a friction rub? 

Dr. Starosin: We did not think so. There was 
no pulsus paradoxus, and there was nothing to suggest 
a friction rub. 

The Service had many questions about the diag- 
nosis. Blood cultures were done about six days before 
death before we started Achromycin therapy. Up to 
the time of death there was no growth in any of 
them. Three specimens of tum were studied 
for tuberculosis by acid-fast staining and by inocula- 
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tion into guinea pigs. The smears were negative for 
acid-fast bacilli. The guinea pigs had not yet been 
killed by the time of death but they were examined, 
and none of the lymph nodes were positive. The films 
of the chest taken immediately on admission showed 
no change from the previous films. Another point is 
that x-ray films taken ten and eleven years previously 
were interpreted as demonstrating postradiation 
pneumonitis, with strandlike density in the right 
upper lobe. , 


Cumicat DiaGnoses 
Syphilitic aortitis. 
Multiple cerebral emboli and infarctions. 

Dr. Atrrep Kranes’s DiaGNoses 
Bacterial endocarditis, marantic. 
Cerebral emboli, multiple, with infarction. 
Tuberculosis of lung. 


ANATOMICAL DIAGNOSES 


Nonbacterial thrombotic endocarditis, aortic valve, 
with multiple emboli to and infarcts of brain, 
kidneys and heart, recent. 

Adenocarcinoma, Grade 3, right upper lobe, with 
metastases to regional lymph nodes. 

(Carcinoma, right breast, with axillary metastases, 
eighteen years) . 


PaTHOLoaica Discussion 


Dr. CastLeEMAN: At autopsy the lesion in the 
lung proved to be a large yellowish-white, necrotic 
tumor just under the pleura. The pleura overlying 
it was fibrotic and thick, indicating that it had been 
present for a long time. Microscopical examination 
revealed a well differentiated adenocarcinoma of the 
type that we occasionally see associated with long- 
standing fibrosis. A number associated with tubercu- 
losis, for example, have been reported. There was 
no evidence of active tuberculosis. A few small re- 
gional lymph nodes were involved with the carcinoma. 
We reviewed the slides of the old carcinoma of the 
breast and noted that its appearance was not very 
much like that of the new tumor. Although at first 
I thought that the pulmonary tumor conceivably was 
a metastasis, after studying it and having others study 
it, we agreed that it was probably a new tumor. It 
was well differentiated, with good gland formation 
and secretions in the cells. We found no evidence of 
carcinoma anywhere else in the body. 

The heart was normal in size and gave no evidence 
of coronary-artery disease or pericarditis. All the 
valves except the aortic were normal. There was 
endocarditis along the line of closure of the aortic 
valve. It was granular, although the granules were 
not large, and gross inspection was consistent with a 
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normal heart valves. One did not even have the ae 
decency to have a cardiac murmur. One that I was 
asked to discuss had, in association, an asympto- 
matic carcinoma of the pancreas. This disease is 
referred to as marantic endocarditis, because it is 
often found in association with some debilitating 
disease, possibly tuberculosis in the case under dis- 
as I am about the absence of other findings. Yet I po 
can think of no other logical diagnosis that would a 
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bacterial endocarditis. There was no perforation of 
any of the cusps, and the granulations could be rubbed 
off fairly easily, although a little attachment still 
remained. The aorta above it showed a fair amount 
of sclerosis, with some calcification. From the gross 
appearance I believed that this was syphilitic aortitis 
although there was no separation of the cusps at the 
commissures to allow for the free regurgitation that 
one sees with a syphilitic aortitis. Microscopically, 
however, there was no evidence of syphilis. 

Dr. BLAND: Was that sclerosis restricted to the root 
of the aorta? 

Dr. CastLeEMAN: No; it involved the whole aorta. 
We made many sections of the valves and of the en- 
tire heart looking for organisms in the thrombi, but 
we could not find any. I think, Dr. Kranes, that this 
fits in with the condition that you suggested, the 
marantic endocarditis that is seen in patients with 
carcinoma or debilitating diseases—the nonbacterial, 
thrombotic form of endocarditis. Usually, this does 


Ficure 2. 


not give rise to emboli, but it may and in this case 

it did. 

Dr. Kranes: The patients I have been asked to 
discuss all had emboli. 

Dr. CasTLeEMAN: It was difficult to find evidence 
that these had been present for a long time; they all 
looked recent, but in some of the sections we did find 
evidence of organization at the base, suggesting that 
this had been present for a long time. 

There were emboli to the kidneys and to the myo- 
cardium, producing tiny miliary infarcts. There were 
numerous emboli to the brain, which Dr. Hakim 
will show you. 

Dr. BLanp: Because there was no infection, the 
sedimentation rate was normal. 
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Dr. Castteman: This was not subacute bacterial 
endocarditis; at least we could find no organisms. 
They were platelet thrombi for the most part. 

Dr. Satomon Hakim: The brain appeared grossly 
softened and friable in various places, the right hemi- 
sphere being the most affected. There was marked 
temporal coning of the left side. The vessels of the 
circle of Willis were almost free from atherosclerosis. 


ay 


The dissection of its branches disclosed multiple em- 
boli bilaterally (Fig. 2). The left posterior cerebral ar- 
tery contained the oldest embolus. One of the posterior 
branches of the right middle cerebral artery con- 
tained the next oldest embolus, and the left middle 
cerebral artery and both anterior cerebral arteries 
showed more recent emboli of about the same age. 
The microscopical sections of the occluded vessels 
demonstrated their lumens to be filled with the same 
material found in the aortic valve. The horizontal 
sections of the brain showed zones of partially ischemic 
and slightly hemorrhagic infarct, which could be the 
explanation for the blood found in the cerebrospinal 
fluid. A schematic drawing (Fig. 3) of a horizontal 
section of the brain through the basal ganglions shows 
the infarcted areas. The density of the linear shadows 
signifies the approximate ages of the infarcts and cor- 
— to the ages of the emboli. 

Dr. CastLeMAN: Dr. Adams, have you a com- 
ment? 

Dr. Raymonp D. Apams: Cases such as the one 
under discussion have radically altered our opinion 
concerning the neurologic complications of so-called 
marantic endocarditis. For many years we have ob- 
served that these aseptic thrombotic vegetations on the 
heart valves were not merely an unimportant termi- 
nal event but could be a not too infrequent source of 
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brain embolism. Moreover, it appears that there is 
some relation between these vegetations in the heart 
and carcinomatosis. We have observed several cases, 
all verified at autopsy, in which an embolic occlusion 
of a brain artery was the first symptom of a carcinoma, 
or it had given rise to apoplexy in a patient known 
to have a carcinoma in one or several organs. The 
carcinoma in these cases has been in any one of 
several sites,—stomach, ovary, lung,—and the emboli 
may recur over a period of months. As with all types 
of embolism, the brain is frequently involved and is 
usually symptomatic. The clinical diagnosis of this 
unusual type of cerebrovascular disease depends 
usually on evidence of the carcinoma and signs of em- 
bolism. Apoplexy in the carcinomatous patient more 
often proves to be due to aseptic embolism than to 
tumor emboli or cerebral metastases. 

The basic disorder in this condition has not been 
determined. These emboli and vascular thrombi are 
composed of masses of fibrin and platelets. There are 
no tumor cells in them. The same thrombotic tend- 
ency may be responsible for the common phlebo- 
thromboses of carcinoma. 

Finally, it should be pointed out that this type of 
“endocarditis” may also occur in serious debilitating 
diseases other than carci t hence the term 
“marantic,” which is still retained in some circles. 


CASE 41492 
PRESENTATION OF CasE 


A fifty-year-old carpenter entered the hospital be- 
cause of upper abdominal pain. 

Two months before admission the patient first 
noted pain deep in the midepigastrium that radi- 
ated to the back and persisted for about a week. It 
was not related to food or time of day, and it was not 
relieved by rest or exacerbated by activity. No fatty- 
food intolerance was noted although he had refrained 
from eating fatty foods in recent years. An upper 
gastrointestinal series was normal. X-ray films at this 
time showed slight degenerative disease in the joints 
of the thoracic and lumbar spine. Five weeks before 
entry the pain recurred and persisted. Since the onset 
of his illness he had had anorexia and noted a 15- 
pound weight loss. Five days before admission he 
vomited a small quantity of bile-colored fluid and 
later had several similar episodes, with small, bright- 
red flecks of blood noted in the vomitus. Bowel move- 
ments were regular, and the stools were normal in 
color except for some spotting with blood. There was 
no history of jaundice or dark-colored urine. In the 
past he had been a heavy drinker of alcohol but denied 
consumption of any alcoholic beverages in the pre- 
vious three years. 

Physical examination revealed a thin man in no 
acute distress. Breath sounds were decreased, and 
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there was slight dullness throughout the left side of 
the chest. The heart was normal. There was mod- 
erate guarding of the abdomen but no significant 
tenderness. The liver and spleen were not palpable. 
The upper border of liver dullness was percussed in 
the fifth right intercostal space. Rectal examination 
showed external hemorrhoids. 

The temperature was 98.8°F., the pulse 84, and the 
respirations 16. The blood pressure was 106 systolic, 65 


Ficure 1}. Right Anterior Oblique View of the Stomach, 
Showing a Pressure Deformity on the Posterior Aspect of the 
Upper Portion of the Body (Arrows). 


Urinalysis was negative. Examination of the blood 
revealed a hemoglobin of 13.9 gm. per 100 cc. and a 
white-cell count of 10,300, with a normal differential. 
The erythrocyte sedimentation rate was 31 mm. per 
hour. The total serum protein was 7.7 gm., the al- 
bumin 5.1 gm., the globulin 2.6 gm., the serum cal- 
cium 9.8 mg., the phosphorus 3.9 mg., and the alka- 
line phosphatase 5.3 units per 100 cc. The serum 
amylase was 20 Russell units per 100 cc., and the lip- 
ase 0.66 cc. Three stool specimens gave negative guaiac 
tests. A glucose tolerance test was normal. Gastric 
analysis showed no free acid before and 11 units of 
free acid after histamine. Cytologic examination of 
the stomach contents for tumor cells was negative. 
Cerebrospinal-fluid examination was negative except 
for a protein of 51 mg. per 100 cc. An upper gastro- 
intestinal series showed an active duodenal ulcer meas- 
uring | cm. in greatest diameter. An intravenous pyel- 
ogram was normal except for a double pelvis and 
ureter on the right side. 

The patient was placed on an ulcer regimen, but 
this failed to relieve the symptoms. X-ray studies on 
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the thirteenth hospital day were negative except for 
a questionable ulcer crater along the midportion of 
the lesser curvature of the stomach and moderate 
antral spasm. A subsequent upper gastrointestinal 
series on the next day showed no abnormalities (Fig. 
1). On the twenty-first hospital day an operation was 
performed. 


DirFer—nTIAL DiAGnosis 


Dr. Leonarp W. Cronkuire, Jr.*: This case well 
re-emphasizes the problem of diagnosis of pain of an 
obscure nature in the upper abdomen. The salient 
historical features are steady, boring pain of rather 
short duration, with radiation through to the back, 
considerable weight loss (15 pounds), anorexia and 
vomiting, in the absence of jaundice. Since the re- 
ports of the x-ray examinations are confusing and 
since it is important to decide whether the lesion was 
extrinsic to or intrinsic in the gastrointestinal tract, 
may I look at the films first? Four gastrointestinal 
series were done: the first and fourth were normal, the 
second showed a duodenal ulcer, and the third re- 
vealed a questionable ulcer on the lesser curvature. 

Dr. Josepn HANeELIN: The examinations of the 
upper gastrointestinal tract extend over a six-week 
period; the initial study was regarded as negative. 
When the patient came into the hospital, there was 
question of a duodenal ulcer, which I find difficult 
to be certain of from the films that we have. When 
he was re-examined there was no evidence of a duo- 
denal ulcer, but there was suspicion of a gastric ulcer 
along the lesser curvature. Certainly, a projection of 
barium of this nature warrants a repeat study. Two 
days later there was no indication of either a duodenal 
or a gastric ulcer. If one looks at all the films there 
is one persistent finding that may be of importance 
— that is, the suggestion of extrinsic on the 
posterior aspect of the body of the stomach. It may 
be slightly greater in the last examination than in the 
first (Fig. 1), but there is some suggestion of pressure 
deformity in all the films of that area. The other ex- 
aminations are noncontributory. 

Dr. CronkuitTe: The physical findings in this case 
were not very helpful; none of the organs in the abdo- 
men were palpable, nor were any masses felt. The 
prostate was not mentioned specifically, but the x-ray 
films of the thoracic and lumbar spine seem to point 
away from any difficulty with that organ. The results 
of the laboratory examinations were not very abnor- 
mal, but a few were borderline. The blood was normal 
except for the slight elevation of the white-cell count 
and an increased sedimentation rate. The alkaline 
phosphatase was slightly over the normal of 4.5 mg. 
per 100 cc. The amylase was 20 Russell units; the 
laboratory considers 8 to 18 units by the Russell 
method normal, but by experience we know that read- 
ings of 40 to 45 units can be completely ignored in 
*Assistant in medicine, Massachusetts General Hospital. 
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some cases; there needs to be marked elevation to be 
of significance. The lipase was well within normal 
limits. 

The problem in obscure abdominal pain of this na- 
ture is to decide whether the disease lies within the 
gastrointestinal tract or is extrinsic to it. Of those 
within the gastrointestinal tract, the presence or ab- 
sence of ulcer eventually enters the debate. I cannot 
take the x-ray findings seriously since they were incon- 
stant in their presence and location. Carcinoma of 
the stomach, with negative guaiac tests on the stool 
and a negative cytologic study, would have to be of 
the diffuse, infiltrating type in which the mucosal lin- 
ing of the stomach was not tremendously involved. 
There is so little evidence on which to base a diagnosis 
of carcinoma of the stomach that I shall not consider 
it further. Other neoplastic lesions in the stomach 
that may be diffuse or infiltrating, such as malignant 
lymphoma and leiomyosarcoma, are probably worth 
men 


there was disease intrinsic to the stomach. Nor is 
there evidence of carcinoma of the ampulla or of the 
biliary tract because jaundice was not present. 

Of the lesions that may lie extrinsic to the gastro- 
intestinal tract I think the most likely is carcinoma 
of the pancreas. In the old literature on carcinoma 
of the pancreas jaundice is present as a very promi- 
nent finding, but whether the jaundice occurs early 
or late in the disease — or indeed occurs at all — 
depends somewhat on the location of the carcinoma. 
I have no reason to suspect that there was any diffi- 
culty around the head of the pancreas, but I find 
nothing in either the history or findings incompatible 
with carcinoma of the body or tail of the pancreas. 
Such a carcinoma is characterized by upper abdomi- 
nal pain radiating to the back, quite profound weight 
loss and anorexia. In spite of the fact that no mass 
was palpated, I think that that is an excellent pos- 
sibility. 

Cyst of the pancreas is another possibility. The 
ordinary pancreatic cyst may grow to a tremendous 
size before it produces many symptoms and then is 


creatic cyst is still obscure in cases in which there is 
no profound nausea and vomiting. To make a diag- 
nosis of pancreatic cyst, one likes to have the history 
of preceding episodes of what could be called acute 
pancreatitis or a history of recurrent unexplained ab- 
dominal episodes. In this case the only suggestive 
point in the history is that the patient was at one time 
a heavy consumer of alcohol. 

Other areas in this part of the abdomen can be 
involved in neoplastic disease and probably warrant 
mention. Occasionally, a patient will have a history 
similar to this and will have a neoplasm arising from 


of these diagnoses by lack of positive evidence that 
usually quite easily palpable. A very small proporuon 
of pancreatic cysts will have malignant change and 


diseases or infections were present. 

Dr. Benjamin CasTLEMAN: Dr. Hanelin, would 
the x-ray picture fit with the diagnosis of carcinoma 
of the body and tail of the pancreas? 

Dr. Hanewin: It would be consistent with that 
and with any extrinsic lesion arising posterior to the 
stomach and of sufficient size to cause a pressure de- 
formity. It would be unlikely to result from an in- 
trinsic gastric lesion, although rare spindle-cell tumors 
of the stomach may have this appearance. I should 
not suspect an infiltrating lesion of the stomach in 
this case. 

Dr. Ricuarp B. Conen: Dr. Point, have you a 
comment? 

Dr. WarrEN Point: This case was quite a prob- 
lem because there were so few objective signs. All 
the tests were negative except for the sedimentation 
rate and the amylase, which were borderline. We did 
analyze a stool for fat and muscle fibers because it 
has been stated that a large number of patients with 
carcinoma of the pancreas, even in the relatively early 
stage, will have excessive loss of fat and undigested 
muscle fibers because of obstruction of the pancreatic 
duct. That was one more negative test to confuse us. 
The picture the patient presented was that of a malig- 
nant tumor of the pancreas. He looked sick, he as- 
sumed the characteristic position: as time went on 
he felt better sitting up. We all realized that if this 
was indeed carcinoma of the pancreas, we had never 
effected a cure, but we had to know and the patient 
had to know what was going on because he was be- 
coming intolerably miserable. With that diagnosis in 
mind, he was explored. 


Cumicat Diacnosis 
?Carcinoma of pancreas. 
Dr. Leonarp W. Cronxurre, Jr.’s, Diacnosis 
Carcinoma of body or tail of pancreas. 
ANATOMICAL D1AGNosis 
Carcinoma of body and tail of pancreas. 
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Dr. Conen: At the time of the exploratory opera- 
tion a mass was felt in the region of the tail and body 
of the pancreas, which was adherent to the hilus of 
the spleen. A nodule was also felt in the posterior 
peritoneum close to the main mass. ae ae 

of 


were distributed in dense fibrous tissue. It is this ma- 
turity of structure, common in adenocarcinoma of the 
pancreas, and its tendency to stimulate fibrous-tissue 
reaction that often makes the differential diagnosis 


pa 

depend on the detection of mild degrees of cellular 
atypicality; particularly helpful when present is the 
invasion of tumor into perineural lymphatics. 

Carcinoma of the body and tail comprise about 40 
per cent of the carcinomas of the pancreas. As Dr. 
Point mentioned, the prognosis is particularly poor in 
these cases because the first symptoms are nonspecific 
and often result from extensions or metastases of the 
tumor. In this case at operation there were no signs 
of metastases other than a local peritoneal nodule. 

Dr. Point, do you know how this man is getting 

? 


Dr. Point: The surgeons thought, on the basis of 
what was seen at operation, that they had removed 
all the tumor. Of course, no one was naive enough 
to believe that the patient had much chance because 
of the poor record that carcinoma of the pancreas 
has. After operation he continued to have severe left- 
sided pain up and down the entire back, whereas be- 
fore it had been located in the lumbar region. He 
spent two weeks at home; then because of the severe 
pain he came back to the hospital five weeks after the 
operation. At that time a nerve-root section was con- 
sidered seriously. When the situation was put up to 
him, he elected not to have the operation and decided 
that he could live with his discomfort. To my knowl- 
edge he is still doing so. I have not heard in the last 


Dr. H. L. Heyt: May I ask about the mechanism 
of the pain? 
Dr. Conen: I suppose that there are multiple 


mechanisms of pain. I think one possibility that can- 
not be excluded is the presence of further metastases 
in and around the vertebral column and the spinal 
nerves. Infiltration of nerves and peritoneum by tu- 
mor probably contributes considerably to the pain in 
these cases. 
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the sympathetic chain; therefore, a neurogenic sar- ee 
coma should at least be considered. The only other 
organs in this area that might have been involved are 
the lymph nodes behind the stomach and along the 
vertebral bodies, and these could give rise to a malig- 
nant lymphoma. 
I think that one has to make a diagnosis on the 
basis of statistical possibilities rather than on definite 
leads in the protocol. The diagnosis most likely is pe the was 
carcinoma of the pancreas, probably involving the 
body and tail, but the possibility of neurogenic sar- *PruPtly into a mass, 4 or 5 cm. in diameter, wich 
coma or of a diffuse, infiltrating neoplasm of the 
stomach is equally good. I do not see any need to i which 
consider diseases other than neoplasm since none of ducts and acini. TI 
the characteristics of the more common inflammatory — 
creatitis a difficult one. This is particularly true in 
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“GROUNDEDLY LEARNED” 


Two of the major problems in medical education 
relate to its continued evolution as a technical, social 
and cultural discipline and to the very real present- 
day concern over its financial predicament. Late in 
August there appeared almost simultaneously the 
fourth annual report of the American Medical Edu- 
cation Foundation and the Educational Number of 
the British Medical Journal. Each cast some light on 
the problem with whose solution it was concerned. 

According to the report of the American Medical 
Education Foundation, $1,824,269.15 was contributed 
in 1954 directly to the medical schools of the country 
by their alumni, and $1,181,928.63 was given through 
the agency of the Foundation. Both the sums donated 
and the numbers contributing have risen steadily dur- 
ing the four years since the Foundation’s inception, 
so large reductions at least are made in the esti- 
mated annual deficit of $10,000,000 sustained by the 
country’s medical schools. 

The British Medical Journal of August 27, 1955, in 
six of the ten articles constituting the body of its Edu- 
cational Number, deals with the continuing education 
of the physician under the term “adult education.” 
The implication is one not merely of maturity in 
point of years but of a scholarly type of cultural broad- 
ening and strengthening beyond the ordinary concept 
of what is presented in postgraduate courses. The 
latter, according to this thesis, connote a furtherance 
of practical, technical training — a laudable and in- 
deed essential brush up in the newer methods of diag- 
nosis and treatment but with no particular emphasis 
on contemplation or spiritual refreshment. 

The contributors to the above-mentioned number 
of the British Medical Journal, writing in support of 
adult education as a repre- 
sent the consultant, the preclinical scientist, the aca- 
demic clinical teacher and the general practitioner. 
Two of them, in fact, write from the point of view 
of the general practitioner, who still represents the 
backbone of British medicine. The term adult edu- 
cation is proposed and defended by that dean among 
British educators, Sir Richard Livingstone — who 
credits the idea with some two thousand years of prac- 
tice — and emphasizes the contrast between intellect- 
ual development and a brush up in technic. “Thought 
without experience and experience without thought 
are barren. When the two are wedded, wisdom is 
born.” 

There are and for a long time have been two con- 
flicting although ae of thought re- 
garding the theory and the practice both of medical 
education and of the art itself. The one regards medi- 
cal practice as a skilled technic, carried on by a guild 
under the name of a profession; the other considers 
it as a truly learned calling whose practitioners are or 
should be persons of scholarly attainment as well as 
of high technical training. Both types are normally 
represented in medicine although the average doctor 
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would probably prefer to think of himself as a broadly 
educated individual rather than as a technician, how- 
ever skilled. Even by their own testimony British 
physicians are debited with a shortage of general edu- 
cation at the college level, for they start their train- 
ing in medicine at a much earlier age than is now 
academically possible in the United States. 

The Linacre Lecture on “The Integration of Medi- 
cine” by Sir Harold Himsworth, secretary of the 
Medical Research Council, published in the British 
Medical Journal of July 23, 1955, serves as what the 
learned editor of that scholarly j 
legomenon to the symposium that has just been dis- 
cussed. Linacre, one is reminded, founded the Royal 
College of Physicians of London on the principle 
only deeply studied in physic but groundedly learned 

Linacre himself, outstandingly a “doctor afield,” an 
early fellow of All Souls at Oxford, was instrumental 
in developing the study of Greek at that university. 
Attached at twenty-five to the embassy in Italy he 
commenced the study of medicine at Padua two years 
later and became in time both tutor and physician to 
the Prince of Wales. His greatest contribution to 
medicine, however, was not in its practice but in its 
organization and the establishment of standards of 
practice. At forty-nine he was ordained, as further 
evidence of his grounded learning. 

“Professions,” according to Himsworth, “arise in 
response to the recognition of a social need, and their 
continued existence is dependent on their success in 
satisfying the expectations raised by the state of the 
knowledge which they profess.” With a vast increase 
in medical knowledge and the consequent need of 
specialization, increasing complications have devel- 
oped, but the difficulties in practice and the extension 
of its services have not arisen from specialization, as 
the unthinking may believe, but from the failure of 
integration. The failure, and the need of its correc- 
tion, was brought out at the First International Con- 
ference on Medical Education in 1953; the warning 
has been many times repeated, both before and since 
the conference took place. 


RESISTANCE OF BACTERIA 
TO ANTIBIOTICS 


In this and the two preceding issues of the Journal 
a long and heavily documented Medical Progress re- 
port on the problem of resistance of bacteria to anti- 
biotics is presented. In spite of the monumental bib- 
liographic appendage representing a contribution 
usually discouraged by the editors, it can hardly be 
said that the author exhausted even the part of the 
literature on the subject that appears in the English 
language. Rather sparse, also, are the references to 
papers in foreign languages, which, unfortunately, are 
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usually difficult and often impossible to cover even 
by one who makes a serious effort to be thorough. 
The paucity of pertinent papers on the subject appear- 
ing in other languages is only partly responsible for 
this, because increasing numbers of workers in various 
parts of the world are becoming intensely interested 
in the problem, particularly since more and more 
countries are finding it possible either to purchase 
from outside or to produce within their own borders 
many of the useful antibiotics. The demand for their 
use has generally paralleled their availability under 
such circumstances. 


The author of this review has particularly empha- 
sized the distinction between the same, originally sen- 
sitive organisms that have acquired increased resist- 
ance within the original host during the course of ad- 
ministration of the antibiotic on the one hand and the 
changes in flora during similar exposure to the anti- 
biotic, whereby sensitive strains and species are elimi- 
nated and resistant ones emerge, on the other. The 
distinction is highly pertinent, for, in the former, 
therapy or prophylaxis of the infection by the causa- 
tive organisms against which the antibiotic is directed 
becomes invalidated, and if this occurs during the 
course of therapy before a cure has been accom- 
plished, the treatment may not be successful. On the 
other hand, changes in flora during antibiotic admin- 
istration need not be harmful; moreover, as pointed 
out in this review, it even appears to be useful in ani- 
mals that are given small amounts of antibiotics as 
feed supplements. 

In the therapy of human beings, and sometimes 
even during prophylaxis, the emerging resistant spe- 
cies may be pathogenic, or may acquire pathogenicity, 
either because of more favorable conditions of compe- 
tition against other bacteria, through removal of 
“antagonistic species,” or because of some special sus- 
ceptibility of the host under the particular circum- 
stances, or possibly because the numbers of these or- 
ganisms increase so that they approach and surpass 
the minimum infective dose. 

Of particular interest is the small number of spe- 
cies of bacteria in which the factor of increasing re- 
sistance of originally sensitive strains of the original 
causative organism of the disease results from therapy 
of the original infection. Resistance developing in 
Mycobacterium tuberculosis during treatment with 
antituberculous drugs, especially when used singly, is 
the best example, as well as the one most thoroughly 
documented. Even for Micrococcus aureus, this fac- 
tor has not been shown to be the major or primary 
factor in the increasing number of resistant strains. 

(that is, staphylococci) from foci not 
readily subject to reinfection from other sources, as in 
unoperated cases of osteomyelitis, or in bacterial en- 
docarditis, ordinarily do not exhibit increasing re- 
sistance in successive strains cultured from the blood; 
they usually retain their original susceptibility to the 
antibiotic used for therapy in the great majority of 
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cases. There are of course, as pointed out 
in cases of bacterial endocarditis in which staphylo- 
cocci and various streptococci have exhibited steadily 
increasing resistance to erythromycin during treat- 
ment with that agent. 

The problem of antibiotic-resistant staphylococci, 
as pointed out in this review and by many other work- 
ers, is one of crossinfection or superinfection by anti- 
biotic-resistant strains acquired in hospitals in almost 
all cases. The incidence of strains of staphylococci 
resistant to any single antibiotic or any group of anti- 
biotics in any given hospital appears to be directly re- 
lated to the intensity with which those antibiotics are 
used in that hospital, and is also associated with a 
similar incidence of carriers of such resistant strains 
among the staff and service personnel of that hospital. 
To be sure, the resistant staphylococci may have ac- 
quired their unusual degree of resistance as a result of 
earlier exposures to the antibiotics in question; this 
has been clearly demonstrated for erythromycin, and 
is probably also true of the tetracyclines and of strep- 
tomycin. Regarding penicillin resistance, however, 
this property appears to be a naturally occurring one, 
peculiar to certain strains and associated with the 
ability of such strains to produce the penicillin-in- 
activating enzyme, penicillinase. The development of 
steadily increasing resistance of staphylococci (and 
some other organisms ) during treatment has been 
clearly demonstrated in patients receiving erythro- 
mycin. Organisms other than staphylococci and 
tubercle bacilli have been noted, of course, to be- 
come resistant to streptomycin during treatment with 
that antibiotic; this may occur either gradually or in 
a single large step. 

The effect of bacterial resistance on the future of 
antibiotic therapy may depend, to some extent at 
least, on the recognition of the types of resistance so 
emphatically distinguished here. The emergence of re- 
sistance in pathogenic bacteria within the original host 
during treatment should call for certain measures, 
such as the use of antibiotics in proper combinations 
or switching from one effective agent to another until 
a cure is obtained. This aspect is well illustrated in 
the therapy of tuberculosis, and more recently in 
staphylococcal infections. Changes in flora, on the 
other hand, are perhaps best tackled by a search for 
highly specific antimicrobial agents that would affect 
only the individual pathogenic species (or perhaps 
related ones as well) and would still permit the com- 
mon commensals to retain their usual interrelations. 
Alternatively, it may be possible to discover new anti- 
biotics that would eradicate, or at least inhibit, species 
that have been emerging and spreading and have 
been the cause of antibiotic-resistant infections. The 
spread of resistant species also calls for the develop- 
ment of technics of prevention; such methods have, 
thus far, been either inadequate or not pursued with 
sufficient vigor. 

The nosocomial aspect of antibiotic resistance, as 
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illustrated by the spread of resistant staphylococci and 
by the increasing occurrence of such resistant species 
as proteus, pseudomonas, aerobacter and possibly 
candida, should not imply that the problem will neces- 
sarily remain one confined to hospitals. The increas- 
ing numbers of persons receiving hospital treatment 
who are discharged into the community and the large 
numbers of patients receiving antibiotics at home or 
on an ambulatory basis are certain to have their ef- 
fects in the community and may constitute a public- 
health problem. Some evidence that this is possible 
was cited regarding staphylococci and tubercle bacilli 
in this review. 


ASSOCIATION ON ALCOHOLISM 


Tue headquarters of the Massachusetts Medical 
Society served as the meeting ground, in October, 
when a group of physicians and professional workers 
interested in the treatment and prevention of alcohol- 
ism formed the Professional Association on Alcoholism 
— the first of its kind in the United States. At the 
time of its organization Dr. James I. Roberts, medical 
director of the New England Electric System and as- 
sociate director of the New England Medical Center, 
was elected president of the new association. Dr. 
Robert Fleming, instructor in psychiatry at Harvard 
Medical School and director of the Alcoholic Clinic 
at the Peter Bent Brigham Hospital, was chosen vice 
president, and Dr. David Landau, instructor in psy- 
chiatry at Tufts University School of Medicine and 
medical director of the Boston Committee on Alcohol- 
ism, was elected secretary and treasurer. 

The purposes of the Association, which was spon- 
sored by the Boston Committee on Alcoholism, are 
to promote research on alcoholism and, presumably, 
to put on a national basis and co-ordinate the various 
efforts that are being made to combat this ubiquitous 
disease. Among its functions will be not necessarily 
the establishment of another foundation, but the 
solicitation from foundations already existing of funds 
for these most important medical and sociologic 
studies. 

It is intended that the membership of the Associ- 
ation should be drawn from physicians, hospital ad- 


PLASTIC-PECKING PIGEONS 


Tue effects of chlorpromazine and phenobarbital 
on the plastic-pecking propensities of pigeons at Har- 
vard Medical School was reported in September at 
the fall meeting of the American Society for Pharma- 
cology and Experimental Medicine, according to a re- 
lease from the University News Office. The pigeons 


ministrators, nurses, sociologists, social workers and 
any others who might be interested in the problem. 
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under study were assigned to a set task consisting of 
pecking at a piece of plastic, the rate of pecking de- 
pending on whether a red or a blue light was per- 
colating through the plastic piece. Under the ground 
rules established for the experiment the red light, 
contrary to usual procedures, was the signal for the 
pecking to commence, and a pause ensued between 
the red-light pecking and the blue-light pecking. 

This was all very well under normal conditions, the 
industry of the pigeons being rewarded by the proffer 
of pabulum — presumably corn. With the pigeons 
under the influence of chlorpromazine, the so-called 
tranquilizing agent, a different pecking pattern pre- 
vailed, however. Although correct ormance con- 
tinued regardless of the color of the light, the pauses 
at the change of lights were protracted, the intervals 
between pecks were prolonged, and the particular 
pigeon, although normal in appearance, presented an 
apathetic personality. 

Phenobarbital was responsible for a different pat- 
tern. When this drug was fed to the pigeons the pause 

ing the pecking when the blue light was pro- 

duced tended to disappear, the rate of pecking was 
retarded and “tended to be much more irregular and 
uneven than after chlorpromazine.” These problems 
pertaining to the pecking of plastic by properly trained 
pigeons, and the methods of studying them, accord- 
ing to the investigators, “permit the behavior of ani- 
mals to be controlled so effectively that it is possible 
to accurately predict what they would have done if 
they had not received a drug.” It was not stated 
whether any of the pigeons were rendered aplastic by 
properties pertaining to either type of pill or by the 
nature of the plastic pecked. 


We learn from a gentleman who left Trieste 
on the 10th ult., that the cholera had raged there 
most frightfully from the 28th of May last, but 
was fast disappearing ... The American Consul, 
William A. Buffum, Esq., remained faithfully at 
his post during the whole season, notwithstand- 
ing the panic among the residents, and there has 
been some talk of presenting him a handsome 
testimonial.—N. Y. Commercial Adv. 

Boston M. & S. J., Dec. 13, 1855 


SOLOMON R. KAGAN 
1889-1955 


In the death of Dr. Solomon R. Kagan on July 27, 
1955, the Boston community, and particularly the 
medical profession, lost an unusual personality, a man 
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tirelessly devoted for over half a century to Talmudic 
and medical lore. 

Born in Russian Lithuania on December 15, 1889, 
and reared in a family of rabbis, he was ordained a 
rabbi at an early age. He had set his heart, however, 
on a career in medicine, and after years of the tra- 
ditional hardship of the Eastern European Jewish 
student, he received his degree in medicine at Dorpat 
University in 1917. He then served as government 
physician and health officer for five years, during 
which he had the opportunity to study and to report 
on an epidemic of typhus fever. 

In 1922 he came to the United States, settling first 
in Springfield and later in Boston, where he estab- 
lished a good practice in general medicine and 
physiotherapy, studying and reporting his clinical ob- 
servations, serving on the staff of the Jewish Memorial 
Hospital and attaining an honorable place in the com- 
munity. Ill-health, unfortunately, forced him to re- 
tire from practice in 1935. 

Happily, he was able to continue with his literary 
activity, which by tradition and training had led him 
to studies in rabbinic literature and in the medical 
lore of the Bible and the Talmud. This in turn led 
him to research in the bypaths of medical history, 
bibliography and pography, particularly of Jewish 


this field, among them Max Neuberger, Humphrey 
Rolleston, Henri Baruk, James J. Walsh, Sussman 
Muntner, Henry Sigerist and Fielding H. Garrison. 
He held honorary membership in several historical 
organizations, including the Eugene Field Society and 
the Israel Association of the History of Medicine, 
and was treasurer of the American Physicians’ Fel- 
lowship Committee of the Israel Medical Association. 

He was associated in co-editorial work in the 
Medical Leaves, the Hebrew Physician, the Max Neu- 
berger anniversary number of the Medical Record, the 
Victor Robinson Memorial Volume and the Abraham 
Levinson Anniversary Volume. In his 2 volumes on 
Fielding H. Garrison he made available the rich per- 
sonal correspondence of this outstanding medical his- 
torian. In the several volumes and numerous papers 
on Jewish physicians, encyclopedic in scope, he left 
source material on many personalities who otherwise 
would have been doomed to oblivion. Through this 
work Dr. Kagan’s name will also live on. 

In the preface to his last volume, Jewish Medicine, 
published on the occasion of his sixtieth birthday, he 
evaluated the contribution of Jews to medicine in the 
spirit of Professor H. Haberling, who wrote in the 
preface to his work, German Medicine, as follows: 


When in the present study I write about “German — 


Medicine” that certain phases 
in the history of medicine were created by the Germans. 

Rather I picture medicine as a clock work in which the the 
different wheels catch and turn each other to bring about 
Each of the wheels represents a 


I do not wish to suggest 


the perfect movement. 
nation. 


Dr. Kagan’s inquiries and prolific writing widened 
his sphere of correspondence with outstanding men in 
yp MASSACHUSETTS 
MEDICAL SOCIETY 
YY 
A 
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In the same spirit, I wish to make it clear that in my 


COMMITTEE ON MATERNAL WELFARE 
EcLAMPSIA AND ABRUPTIO PLACENTAE 


A twenty-eight-year-old gravida III, para II, died 
in the thirty-second week of her third pregnancy. 
Both previous pregnancies had resulted in dead in- 
fants and had been complicated by hypertension. 


urinary 
Nothing else is known of her past history regarding 
renal disease or hypertension. During the current 

she had been seen only two or three times 
by her doctor, who never performed a urinalysis and 
who reported after death that “the blood pressure 
was not elevated.” 

At the thirty-second week she was admitted to the 
hospital with “labor pains” of ten hours’ duration 
and a small show of blood. The blood pressure was 
176 systolic, 110 diastolic. The fetal heart beat was 
absent. The urine was positive for albumin; the cer- 
vix was dilated sufficiently to admit one finger. 


taking fluids by mouth. On the ninth day, however, 
acidosis became severe, resulting in a coma in which 
she died on the eleventh day. 


The preventability in this case was not 
in view of the past history and evidence of severe 
previous kidney damage. However, the prenatal care 
was wholly inadequate, probably contributing sub- 
stantially to the patient’s death. In the first place, 
with the extremely bad obstetric history, there is 
grave doubt whether she should have been allowed 
to undertake a third pregnancy. Even assuming that 
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she did so contrary to advice, difficulties should have 
been anticipated from the very start, and prenatal 
visits should have been made at weekly intervals from 
at least the second trimester. Actually, no urinalyses 
were recorded during the pregnancy. This is inex- 
cusable. There is no evidence that the seriously de- 
pleted kidney function was assessed during prior 
pregnancies, before the onset of this one or, in fact, 
during this pregnancy. It is a notorious medical fact 
that women presenting this state of affairs frequently 
have serious toxemia of pregnancy as a superimposi- 
tion of eclampsia on their already renal 
function, and this seems not to have been antici- 
pated. Once the catastrophe of toxic separation of 
the placenta had occurred, there is no quarrel with 
her treatment except that two hours were allowed to 
transpire between the time of admission and the time 
of consultation and cesarean section. Admittedly, the 
prognosis was so unfavorable from the start that 
little could have been done to alter the outcome. An 
interruption earlier in the pregnancy, preferably in 
the first trimester, might have prolonged this woman’s 
life to a matter of years rather than months. 

Joun Ficcis Jewett, M.D. 


The following letter, which speaks for itself, has 
been received from the commander of the Boston 
Naval Shipyard. 


Doctor Robert W 
, Massachusetts Medical Society 

22 Fenwa 

Boston, usetts 

Dear Doctor Buck: 

This Shipyard has at the present time a high sick leave 

rate that hurts the Shipyard in competition with other 

Shipyards in two ways; it increases our costs adding 

of the productive effort of the employees who are out on 

sick leave. To combat the high overhead cost, the man- 
con- 


agement of the Boston Naval Shipyard is a 
i ted The 


i 


Federal statutes permit a Civil Service worker to 
leave benefits for fo per 
or 


Hi 


p absence. 
I am not ting that any doctor advise his patient to 
return to work earlier than would be good for his health 
pect et it is my firm conviction that members of the 
do a service to their profession, to 


their government and to themselves as taxpayers, by keep- 
ing in mind the following: 


ernment funds; 
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another factor in the development and advancement of 
medicine through the centuries, The science of medicine 
is universal and is the product of human thought and 
collective effort. 
H.M. 
e and aq r hours later, vomiting pro- 
fuse vaginal bleeding began, and a consultant was 
first called. He found her in clinical shock despite 
a blood pressure of 150 systolic, 80 diastolic. 
With a transfusion running, hysterotomy was done, 
revealing a typical couvelaire uterus and dead fetus. 
Shock deepened but was corrected with further trans- 
fusion. Oliguria developed after operation, with a ur- 
prolonged bleeding time and thrombocytopenia for pose of this letter is to solicit your assistanc 
five days. However, some urine was excreted daily. _*8ainst absenteeism; more specifically — 
In the course of the next six days, the nonprotein 
nitrogen gradually rose to a high of 280 mg. per 100 
as to the earliest date the em 
Autopsy revealed typical findings of eclampsia and of sick 
. ° Cc cate ma uired for even one absence. 
abrup placentae, with focal glomerular In the of to the re the attending 
payment gov- 
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sence contributes to excessive costs ee in 
the timely completion of ships vitally needed by 
the Navy; and 

(3) Unwarranted sick gg 

exaggerated vouchers, to the tax of 
pF som and, in addition, constitute an element 

rau 


question is, what can your organization do to 
help? Ui the ‘of your can help 
gn against high costs and unwarranted ex- 

of funds by: 


(1) Giving wide publicity to the substance of this 
letter, and 


cations. 


I would be very grateful if you could see 
to the publication of all or part of this 
magazine, newsletter, or other periodical ch may 
distributed to the members of your tion. 

I want to emphasize again that I have no desire 

hold any sick leave benefits to which our mow Aadiny are 
entitled. My sole aim in writing this letter is to 

every means I can find to help this Shipyard in its efforts 
to keep costs to an absolute minimum. Whatever you can 
do in furtherance of this aim would be very much 4 
he not only by the of 


letter 
whi 


W. E. Howarp, Jr. 
in, USN 


Rosert W. Buck, M.D. 
Secretary 


CIVIL DEFENSE AGENCY 


PLANS FOR THE PROVISION 
OF MORTUARY SERVICE IN 
LARGE-SCALE DISASTER 


In the event of a small-scale disaster medical ex- 
aminers of the Commonwealth could without undue 
difficulty cope with the many medicolegal problems 
related to identification and proper disposal of the 
dead. In a large-scale disaster, however, such as would 
occur in an attack without warning with atomic 
weapons, hundreds of thousands of fatalities could 
be expected, and the problems thus presented would 
be of great magnitude. Such a disaster could not be 
cared for by existing organizations, facilities and avail- 
able l, and the mortuary service of civil de- 
fense, therefore, would begin operation. 

Its functions would be as follows: 


Organization and supervision of evacuation of 
dead from devastated areas, hospitals and casualty 
stations. 
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Establishment of supplementary mortuary fa- 
cilities. 

Identification of dead. 

Filing of records of death in accordance with 
established legal routine. 

Removal, identification, safekeeping and disposi- 
tion of valuables from bodies, in accordance with 
established legal routine. 

Supervision of movement of bodies to locations 
of burial from 

Proper burial of claimed and unclaimed bodies. 

Provision of appropriate religious representation 
at all burials. 

In the event of evacuation of the general popu- 
lation the procedures would be the same as those 
that the Graves Registration Service of the Depart- 
ment of the Army has used for many years. Records 
are kept of local burying grounds, and redisposi- 
tion of the remains can subsequently be made. 
Mortuary services will be organized to 

as much as possible to the districts of medical examin- 
ers. Each district should organize as much as pos- 
sible an independent and self-sufficient mortuary unit 
capable of the disposal of the expected number of 
casualties. The chief of mortuary services in each 
district will be the medical examiner, who will have 
general supervision of the mortuary services within 
the district. 

The chief of the district mortuary service along 
with his advisory staff should make the following 
provisions : 

Collection of bodies from stricken areas in co- 
operation with casualty and rescue teams. 

Transportation of bodies from stricken areas, 
hospitals and casualty stations to emergency 
morgues in co-operation with rescue, transportation 
and evacuation services. 

Establishment, organization and operation of 
morgues. 

Selection of emergency burial grounds, along 
with organization of personnel and plans for operat- 
ing them. 

Definition of basic procedures to be applied in 
caring for the dead in collection, in the morgue, 
and in burial under all forseeable circumstances. 

Recruitment and training of personnel directly 
and indirectly related to the mortuary service. 

Arrangement with neighboring districts for mu- 
tual aid. 


OPERATIONAL PLAN 
Scope of Organization 
The size of an area and density of population should 
determine in a large measure whether a mortuary 
service should be organized on a full-scale basis; the 
need will be greatest in critical target areas. Dis- 
tricts, particularly cities, considered to be primary or 


lihood. Thank you for any assistance you may be able 
to render. 
Similar letters have been sent to the District Secretaries 
of the Massachusetts Medical Society. 
Sincerely, 
Commander 
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areas should organize on a full- 
scale basis, districts within a mutual aid zone or- 
ganizing to provide supplementary mortuary services. 
The latter should organize sufficient personnel and 
equipment to form teams to be used in mobile sup- 
port of stricken areas on call by the state director or 
area director of civil defense. 


Field Collection Unit 


The functions of the unit are as follows: 
ization of collection teams. 

Supervision of the collection of bodies from 
stricken areas, hospitals and casualty stations. 

Arrangement for prompt evacuation of bodies 
to morgues. 

Organization is set up as follows: 

The unit supervisor and his assistants should be 
responsible for the organization and carrying out 
of searching, collection and evacuation operations 
in accordance with a predetermined plan. 

Collection teams. The responsibility for the 
prompt removal of bodies from the scene of disas- 
ter is that of the Rescue Service (Rescue Manual 
of the Massachusetts Civil Defense Agency). It 
is recognized that basic services to the living take 
precedence over services to the dead, and claims on 
specialized professional personnel in communities 
should be in keeping with local supply and the de- 
mands of the other services. 

Field overseers should be well trained in ob- 
servation, recognition and recording of significant 
identifying details and in the proper handling of 
bodies. They should be assigned to casualty teams, 
rescue teams, collection teams, casualty stations 
and hospitals. Their prime responsibility is to see 
that each body dispatched to a morgue has at- 
tached a tag containing as many required identify- 
ing data as can be obtained. Overseers working in 
the disaster area should supervise the activities of 
various personnel recovering and searching for 
bodies. 

The operational plan in the disaster area should 
be as follows: 

Before collection activities are initiated, the dis- 
aster area should be subdivided into sections and 
subsections demarcated by equally spaced con- 
centric and radial borders, and reports should indi- 
cate the location to be free from dangerous radio- 
active contamination. An assistant supervisor of 
the collection unit should be placed in charge of 
each section, with the supervisor co-ordinating the 
activities of all the sections. 

Each assistant supervisor should have assigned 
to him an adequate number of field overseers and 
vehicles. There should be approximately 1 field 


overseer for every 3 or 4 casualty, rescue or col- 
lection teams. The number of vehicles assigned will 
depend on their availability. 

Beginning at the periphery, teams and vehicles 
should be dispatched in opposite directions from a 
central point in a subsection. These teams and 
vehicles should carry on operations until they meet 
those from an adjacent subsection, whereupon they 
should turn about and progress deeper into a sec- 
tion. In this way, the disaster area can be system- 
atically combed. 


Morgue Unit 


The functions of the unit are as follows: 


Identification of bodies along with completion 
and proper filing of records of death in accordance 
with established legal routine. 

Carrying out of proper identification procedures 
for unidentified dead. 

Preparation of official mortality lists. 

Provision for the care of the property of the vic- 
tims. 


Arrangements for burial, including record of 
place. 


The location and size of facilities should be as fol- 


lows: 


Morgues should be located as much as possible 
in existing facilities. 

With an eye to minimizing transportation, auxil- 
iary morgues can be established contiguous to hos- 
pitals and to burial places or cemeteries. 

A minimal allowance of 32 square feet of floor 
space per body should be provided for. 
Organization should be set up as follows: 


A receiving team should consist of 3 persons: a 
supervisor to check tags and 2 assistants for han- 
dling and separating arriving bodies into specified 
groups. The number of receiving teams will de- 
pend on the morgue’s capacity. 

Processing teams should consist of 3 members 
each: a clerk and 2 processors working under direct 
professional training in embalming, undertaking 
card 20 forth ave exceptionally well qualified to sarve 
on processing teams. Each team will be responsible 
for carrying out procedures recommended for proc- 
essing dead bodies by the morgue unit. The num- 
ber of processing teams will depend on the morgue’s 
capacity. 

An administrative and recording team is respon- 
sible for the making out of proper records, the 
keeping of valuables and the administration of the 
morgue. This team should consist of an administra- 
tive supervisor, a custodian of valuables and a 
supervisor of records, with an appropriate number 
of clerks and assistants to carry out their respective 
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responsibilities. The medical examiner should be 
in direct charge of the morgue unit, the administra- 
tive supervisor being next in line. 

A public-care team should consist of police 
guards, information clerks, interviewers, escorts and 
the like. 

A cemetery dispatching team should consist of 
3 persons: a supervisor and 2 assistants. The super- 
visor should be responsible for the checking of each 
body to see if all necessary morgue procedures have 
been carried out and the body is ready for burial 
in an appropriately designated cemetery. The 2 
assistants are assigned to handling of bodies and 
loading them for transportation to the cemetery or 
burial grounds. 

A typical morgue unit based on the ability of a 
medical examiner to handle 500 bodies within a day 
or two should consist of the personnel listed in Table 1. 


Tape 1. Personnel of a Typical Morgue Unit. 


Description 


28 


mistrative 
Custodian of valuables 


interviewers 
Cemetery dispatching teams (2 or 3 persons cach) 
Total 


Burial or Cemetery Unit 
The facilities of the unit should be as follows: 


Each area should examine the capacities and lo- 
cations of its cemeteries. Supplemental burying 
grounds should be designated and planned accord- 
ing to estimates of expected casualties. Eme 
cemetery or burial grounds should be selected with 
the following considerations in mind: conservation 
oi transportation, difficulties of excavation, drain- 
age, distance from water reserves, dangers of con- 
tamination, availability of electric power and legal 
restrictions. 

Estimates and arrangements for procurement of 
equipment needed in grave preparation should be 
made with the rescue, transportation and evacua- 
tion service. 


The functions of the unit are as follows: 
Preparation of graves. 
Burial. 
Grave registration. 
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MOBILIZATION 


Personnel 


The civil-defense service should, so far 
as possible and practicable, be built around exist- 
ing professional mortuary personnel. Lay volunteers 
should be used whenever and wherever possible. Se- 
lection of qualified personnel for the operation of 
mortuary services should be the responsibility of the 
chief of the district mortuary service. 


Training 


The district chief should be responsible for the 

ining of Mortuary Service personnel. In addition, 
training should be provided for personnel of casualty 
and rescue team, particularly in observation and re- 
cording of valuable identifying data. 


Transportation 


Each morgue and burial or cemetery unit should 
have certain vehicles assigned to it from the transpor- 
tation service, preferably light enclosed trucks, for 
carrying supplies to morgues and cemeteries, for col- 
lection of bodies and movement of them to morgues 
and cemeteries, and for transporting property re- 
moved from bodies and records to designated per- 
manent custodial facilities. The number of vehicles 
needed should be estimated on the basis of expected 
casualties. Personnel for their operation should be 
provided by the transportation service. 


Supplies 


The supplies most essential to a mortuary operation 
are forms necessary for identification and record pro- 
cedures. These forms will be standard and will be 
provided by the Civil Defense Agency. Other sup- 
plies, such as body containers, housekeeping and office 
supplies, and technical equipment will be provided as 
available. Past experience of the military has con- 
clusively demonstrated that the most reliable and 
practical method available for identifying the dead is 
to provide the living with some indestructible means 
of recognition, such as metal identification tags. It 
is to be noted that if the particulars on a motor- 
vehicle license were engraved on a stainless-steel plate, 
it would prove a most valuable method of identifica- 
tion. Without indestructible identification tags chances 
of success in identifying a large number of bodies 
resulting from a catastrophe would be slight. 


Ricuarp Forp, M.D. 
Chief, Mortuary Service 


Tuomas F. Maner, M.D., D.P.H. 
Executive Medical Officer 


processors (5 teams) 
Administrative & recording team : 
Clerk 1 
Assistant 1 
Supervisor of recording 1 
Clerks 3 
Public-care team 
Police guards with supervisor 6 
Visitor escorts 
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MASSACHUSETTS DEPARTMENT 
OF PUBLIC HEALTH 


- COMMUNICABLE DISEASES IN 
MASSACHUSETTS FOR OCTOBER, 1955 


RESUME 


i 


CoMMENT 


Diseases below the seven-year median were chicken 
diphtheria, German measles, infectious hepatitis, measles, 
mumps, scarlet fever and w g cough. 

Only 34 cases of infectious hepatitis were reported during 

the lowest figure for this disease 
for the month of October since 1951, it also (with August, 
1955, included ) is the lowest figure for any month since 


July, 1952. 

With but one (October, 1953) the yo for 
measles By ng lowest figure for this disease for the 


— since 1925. 


t one (October, Fromage scarlet fever was 
ing month in the history of the State 

a considerable margin d 


Diseases above ‘the seven- 
entery, —— and 


During Oc . 
this month since 1916 


Grocrapuic DistrisuTION OF CERTAIN DISEASES 


Encephalitis, iedieoiinnaes Boston, 1; Waltham, 1; total, 2. 
Hepatitis, infectious: Billerica, 1; : i 
1; Chelmsford, I; Chelsea Naval H: ital, 6; Fort Devens, 
3; Gloucester, 1; Haverhill, 2; Hopki : ; 
: 33 Lynn, 1; Newton, 2; Provincetown, 1; Spring- 


ip 


M Boston, 
Waltham, 1; Weymouth, 1; Worcester, ‘otal, 5. 
Meningitis, Pfeiffer bacillus : Chicopee, 1; Worcester, 1; 


Meningitis, : 
Meningitis, u ined: Barre, 1; Boston, 1; 
bridge, 1; Natick, 1 Pittsfield, 1; Randolph, |; 
1; Springfield, 1 ; Worcester, 1; 


CORRESPONDENCE 


Meningitis, coli: 1. 
ington, 1; Acton, 1; Amberst, 1; 


Chelsea, 6; Chesterfield, 1; Chicopee, 2; Clinton, 5; 
i ; Danvers, 3; Dartmouth 


Dover, 1; 1; Dux- 
; Eastham 


1; 2; Milton, 2; Mon ; 
2; Natick, 1; Needham, 5; 
1; Newton, 16; Norfolk, 1; North 


: 


4 ugus, 

1; Somerville, 9; Southboro, 1; Scingfield: 1 
2; Stoughton, 2; Stow, 2; ‘Swam ott, 6; 
Tewksbury State 


; ; Williamstown 
Winthrop, Woburn, 5; Worcester, 
1; Wrentham, Yarmouth, 1; total, 476. 

6; Cambridge “i 1; 


CORRESPONDENCE 

SALK VACCINE AND PENICILLIN SENSITIVITY 

To the oe I am writing about the 
itis 


number of children reacting to the 
Faas g20 vaccine in the 1954 evaluation report on 
est, Drs. Salk, Francis, ne iol Workman came 

“The vaccine 


My concern is not with the gin a or sensi- 
tized children with poison ivy who react to the vaccine, 
mop who have 


will receive the vaccine who peni- 
cillin or streptomycin in any shape or form ey are 
sensitized there will be no reaction from the vaccine at the 
time given; their sensitization will not be determined unless 
in later life the use of penicillin is indicated and given. 
Letters were mailed to certain members of the medical 
profession, including those closely associated with the de- 
nt and direction of the process of the production of 
the Salk poliomyelitis vaccine, asking for proof that sensi- 
tization to penicillin and horse serum was com able. No No 
proof or evidence has been obtainable, but the ob- 
that sensitization to penicillin and 


the early before the days of 
tetanus toxoid, when children were immunized 

diphtheria a small amount of horse serum in the form of 
antitoxin was added to the toxin-antitoxin mixture. The 
amount of penicillin added to the Salk vaccine is com- 
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dover, 1; Arlington, 9; Ashland, 4; Attleboro, 5; Barn- 
ae | 2; Barre, 3; Bedford, 3; Bellingham, 1; Belmont, 1; 
tree, 1; Bridgewater, 3; Brockton, 1; Brookline, 2; Burling- 
| ton, 5; Cambridge, 17; Canton, 1; Carver, 1; Chatham, 2; 
AR fan on, 
in 1; H 
tis. Pieiffer ‘becillus 
tis, 
tie, undetermined .................. 
Tuberculosis, other forms .................. TT 1; Upton, 5; 
Wakefield, 3; Walpole, 1; Waltham, 9; Warren, 1; Water- 
Whooping cough 213 213 town, 1; Wellesley, 9; Wenham, 2; West Boylston, 2; West 
*Six-year n. Springfield, 2; Westfield, 1; Westover Field, 5; Wes . 
fF 1; Westwood, 2 
3; Wilmington, 
13; Worthingt 

Salmonellosis 
Leominster, 2; 
ton, 1; Revere, 2; Roc , 1; Springfield, 2; Stoughton, 
1; Waltham, 2; Worcester, 1; total, 23. 

Trichinosis: Boston, 1; Chicopee, 2; total, 3. 

Typhoid fever: Worcester, 1. 
tomycin having been included in the vaccine to guard against 
bacterial contamination. Polymyxin has been and 
accepted as a suitable substitute, and poliomyelitis vaccine 

month of October reached the lowest level for this month in ‘eéleased in the future by one of the six companies author- 
the State’s history. ized in its uction will contain pol n_in e of 
year median were bacillary dys- 
monellosis. 
litis was at the highest level for o 
to 
e 
The following diseases were reported from the com- 
munities named: 
Anthrax: Haverhill, 1. 
Diphtheria: Boston, 2. 
Dysentery, amebic: Northampton, 1. 
Dysentery, bacillary: Belmont, 1; Boston, 7; Fitchburg, |; 
mond, 


to the 0.8 cc. of antitoxin added to 35,000 cc. of 
the toxin-antitoxin mixture. Sheep or t serum was sub- 
stituted for horse serum in later manufacture of the toxin- 
antitoxin mixture, and penicillin has replaced horse serum 
as the most common cause of death from anaphylactic shock. 

The medical profession and Government ials having 
so much to do with appropriation of funds to be used in the 
free distribution of the vaccine should be informed of these 
facts, and they should not only recommend but demand that 
the other five companies authorized to produce the vaccine 
be required to substitute polymyxin for penicillin, instead 
of allowing them to rely on their own judgment whether 
they continue the production of the vaccine as at present, 
or substitute other antibiotics at their discretion, 
polymyxin has has been proved and accepted as a suitable sub- 
stitute. 

More than 14,000,000 children in the United States alone 
have received the Salk vaccine with the penicillin 
content, every person under the age of twenty, includ- 
i t women and very young children, is being 
to take the vaccine as soon as it is available. 


the vaccine, its use- 
a oe en and for many persons it will be a 


C. C. McLean, M.D. 
Birmingham, Alabama 
NOTICES 


NEW ENGLAND ROENTGEN RAY SOCIETY 
The monthly meeting of the New England Roentgen rom 


Society will be held at the Hotel Commander, 
Massachusetts, on Friday. December 16. 
ProGRAM 

4:30 p.m. Film-reading session. 

5:45 p.m. Business meeting. 

6:00 pm. Dinner. 

8:00 p.m. Roentgen Amplification. Dr. Russell 

Morgan, of timore. 


AMERICAN COLLEGE OF CHEST PHYSICIANS 
AND OVERHOLT THORACIC CLINIC 


Chibege ef Chas and 

American College of Chest and the Overholt 

Thoracic os will be held in the. Joslin Auditorium, “ar 

England Deaco a a on Wednesday, December 2 

Dr. Paul D te will speak on the subject “Prot 
in Coronary-Artery Disease 


MEETINGS AND CONFERENCES 
and January 30-Fesavary 8, Marcu 19-28 and 
i Service Course. Page 


sac 
Decemsezr 
Disease. Pane 745, of October 27, 

Decemrrx 13 and 20. Boston City Hospital House Officers’ Associ- 


793, issue of N 
1888 1955, “aod: 13 Maacu 28 and Aran 18, 1956. 
208, issue of August 4. 


otice above. 
any 16, 1956. Hartford Medical Society. Page 708, issue of Oc- 
UARY Feaavaay 6, Marcu 5 and Apa 2, 1956. Fried Lecture 


‘Maacn 21 and 25, 1956. Massachu- 
623, of October 


Fy 1956. Phi Delta Epsilon Fra- 
ternity Graduate Club Program. Page Pane Ti, issue of July 21. 

a. tr he 1956. American Psychosomatic Society. Page 260, 
Mav 2, Tose, Postgraduate Medical Institute. Page 487, issue of Sep- 
May 3-5, 1956. American Goiter Association. Page 348, issue of 


THE NEW ENGLAND JOURNAL OF MEDICINE 


Dec. 8, 1955 


1, 1906. European Symposium on Vitamin B. Page 578, 
mA} aK. | American Academy of Dental Medicine. Page 994, 
15-25, 1956. American College of Chest Physicians Page 


CALENDAR FoR THE WeeEK BEGINNING THURSDAY, 


DecemsBer 15 
Case Presentations. Joslin Clinic. Joslin Auditorium, 
8:00-9:00 San Surgical Grand Rounds. Dr. John Spellman and 
Saint Elizabeth’s Hospital. 
"8:45-9:45 a.m. Cardiac Grand Rounds. Yamins A, Beth Israel Hos- 


*9:0-10:00 a.m. Surgical Rounds. Sherman Auditorium, Beth Israel 

#*9:00-10-00 a.m. Arthritis Grand Rounds. Robert Breck Brigham 

*10:00-11:00 a.m. 

10:30-11:15 a.m. Lecture on 
a Member of 


*11:00 ‘a.m.-12:30 p.m. Hand Clinic (Physical Medicine and Reha- 

*11:15 a.m.-12:00 m. Thoracic ference. Further F Re- 
arg 3 with Mitral Stenosis. Drs. Laurence B. and 
Harken. , Peter Bent 

*12:00 m. Staff Conference. Dr. Robert E. Gross. Stearns Auditori- 
um, New Ce Hospital. 

*12:15-1:15 p.m. ic Clinic. Dr. T. W. Botsford. Amphithe- 
ater, Peter Bent Hospital. 

the Association. Allergy and 


Nisin ‘Amphitheater, Peter 
Bent Bri 


*10:00 a.m me Surgical Clinic. South End Heakth Unit, 


5 
10:30-11:15 a.m. becture on Diabetes for Doctors and Patients 
at — Joslin Auditorium, New 


for Women, 


*1:30 p.m. » Clinic. Mount Auburn Cambridge. 
*4:00-10:00 "Alcoholism Clinic. intment. Washingtonian 
and T . Drs. Friend and Knapp. Holyoke 
Soldiers’ Home, 
Sa Y, 1 
*8:00-8:45 a.m. Case Presentations. Joslin Clinic. Joslin Auditorium, 
New England ital. 
*8:00-9:00 a.m. A Conference. Dr. Benjamin Etsten. Pratt 
ure Hall, Joseph H. Pratt Di i 
Surgical Grand Rounds ‘ds. Drs. 
: :00 a.m. 
Il, A. J. A. and staff. First (Felts) 
Cheever itheater, Dowling Hos- 


10:50. :15 Lecture on Diabetes for Doctors and Patients 
Member of the Jooin Clint, Jedlin "Nec 


*11:00 a.m.-12:00 m. 
William 


Hospital 


Hospital. 
*8 00-8 45 ee Presentations. in Clinic. 
a.m Joslin Joslin Auditorium, 
*8:00-9:00 a.m. Medical and Clinic on Diabetic Problems. 
New E Deaconess Hospital 
*8:30-9:30 a.m. Clinic Entire Staff and Anesthesia 
Amphitheate Building, Boston City 


a Member of the Joslin Clinic. Joslin Auditorium, New 


*11:00 a.m.-12:30 pm. Staff Conference. 


“12.08 Pediatric Medical-Surgical Rounds. Pratt Lecture 
12:00 “p p.m. Conference. Dr. William Schwartz. 
England Center Hospital. 


1048 
Deaconess Hospital. 
*11:00 a.m. Guest of the Bingham Association. 
If the public realizes that certain children are unneces- 
sarily being made vulnerable to the use of — the 11:00 a.m.-12:00 m. ; Medica Grand Rounds. Dr. Sylvester McGinn 
. 
Faipay, Decemser 16 
*8:00-8:45 a.m. Case Presentations. Joslin Clinic. Joslin Auditorium, 
am New E nd Deaconess Hospital. 
by 
Auditorium, 
Ded 
UNE 
by 
aconess 
Hematology Conference (Blood Clinic). Dr. 
MBE Re ait, ize OOO, issut Looe! 7 Stearns Auditorium New En anc szente! 
Decemser 16. New England Roe Society. Notice above. 
Decemsen 21. American rs ‘Chest. i and Overholt 
by 


